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ABSTRACT 
In i neec t e the malplf^ian tubialea play an Important r o l e 
for the rwaoval of waste products tram the haemol^ph and 
reabsorb such constLtuents of the haemolymph which are eesen-
t l a l to the i n s e c t and thus maintain constant i n t e r n a l 
environment wi lh in the phys io logioal l i m i t s * The excretory 
ef f ic iency of the m a l p i ^ i a n tubules by us ing el iminat ion 
of indLgo carmine and the e f f ec t s of d i f f e r en t chemicals on 
i t have been s tudied by Pa t t on , Gard-ner and Andereon (1959) 
i n P e r i p l a n e t a amerioana. They observed t h a t the effects of 
ace tone , sodium a r s o i a t e , n i c o t i n e , D.D.T., para th ion, 
chlordane and a l d r i n were not s ign i f i can t while those of 
e thylene, g lyco l , d i e l d r i n , i s o d r i n and endrin were s i g n i -
f i can t a t \% l e v e l and the e f fec t s of d i n i t r o orthocyolo-
hexaphenol and heptachlor were s ign i f i can t at 3^ l e v e l . 
Moriarty (1971) observed t h a t d i e l d r i n reduced the excretory 
e f f i c iency of the malpighian tubules for the e l iminat ion of 
indigo carmine by inc reas ing the blood volume i n £ • amerioana* 
Maddrell, Gardiner, P i l c h e r and Reynolds (1974) observed t h a t 
p-aminohirpurlc ac id , benzoic acid and u r i c acid had no effect 
on indigo caimine t r anspor t i n Qalliphox^a erythrooeT)hala while 
amaranth i n h i b i t e d 85^ and a r sena te i n h i b i t e d 70^ of i nd igo -
carmine t r anspo r t i n the sane i n s e c t . Uric acid and p«amino-
h ippur ic ac id had no effect on indigo carmine and amaranth 
t r anspor t reBpeotlvely i n rlhodnlue prollxttB* 
I n the present reeearoh programme the excretory 
e f f ic iency of t h e m a l p i ^ i a n tubulee has been s tudied by the 
r a t e of e l imina t ion of i n j ec t ed indigo oanoine i n the haemocoel 
of t h e 5th i n e t a r l a rvae of S-podoptera l i t u r a Pabr.(iJloctuidae, 
Lepidoptera) . Further the ef fect of i n j e c t i o n of 0.05?^f 0 . 1 ^ , 
0.15?^, 0,2%, 0 , 3 ^ and 0,4% of a organophoepiiate namely 0 , - 0 -
dimethyl S-(i^-ffliethyl carbomoyl methyl) Fhospherodithioate 
(Hogor) has a lso be«i observed on the r a t e of dye el iminat ion 
i n order t o a&sees the phys io log ica l a c t i v i t y of the malpighian 
tubules of Roger t r ea t ed l a r v a e . 
I t was found t h a t i n the normal l a r v a e of ^, l i t u r a . 
the r a t e of dye el iminat ion by the malpighian tubules depended 
upon the concentrat ion of indigo canalne i n the haemolymph i . e . 
i t vas d i r e c t l y p ropor t iona l to ttie dye concent ra t ion . Thus a t 
2,5%9 5% and 7.55^ indigo cannine in jec ted i n t o t he haemolymph, 
the r a t e of i t s e l imina t ion was 0.0105 mg/ml/min, 0.0110 mg/ml/min 
and 0.0116 mg/ml/min r e spec t ive ly a f t e r 15 minutes following 
the i n j e c t i o n . 
I n t h r e e s e t s of eacperimentB 4.0 jal of 5J^  indigo carmine 
was i n j ec t ed i n i n d i v i d i a l l a rvae a f te r 5 minuteir, 15 hours 
and 30 hours following t h e i n j e c t i o n of 1.0 u l of each 
concentration of Rogor (0.05?*, 0 .1^ , 0.159i» 0,2%, 0 . 3 ^ 
In the f i r s t se t of expezlments a l l the injected con-
centrations of Rogor were found to reduce the r a t e of dye 
elimination except that of 0,05^. ^ u e due to lowering of 
the rate of dye elimination by the raalpig^ian tubulee the 
time for complete e l ininat ion of 4*0^1 of 3% indigo oanaine 
was increased to 2.30, 3.00, 3.30, 4.45 and 5.15 hoiirs in 
0 . 1 ^ , 0.15^, 0.296, 0.3% and 0.4^ Hogor injected larvae r e s -
pect ively. However, the effects of a l l the injected con-
centrations of Rogor were more pronounced on the ra te of dye 
elimination i n the larvae of second set of experiments and 
the time for complete elimination of the same quantity of 
indigo caimine was increased to 2.45, 3.30, 4.00, 4.45, 5.45 
and 6.45 hours i n 0 . 0 5 ^ O.t^, 0.159^, O.256, 0.39^ and 0.4?i 
Rogor injected larvae respect ively. Further the effects of 
0 .1^ , 0.15%. 0.2%, and 0,3?^ R o ^ r injections were even more 
s ignif icant on the ra te of dye elimination in liie larvae of 
the third se t of experiments and the time for oomplete e l imi-
nation of dye enhanced to 4.00, 4.30, 5*15 and 6.45 hours 
respectively except i n the larvae injected with 0.05^ Rogor 
which showed recovery in the r a t e of dye elimination to the 
some extent . However, the observations following t&e injection 
of 0»49^ Rogor i n the l a rvae of t M r d e e t of experiments were 
not poeeible due t o 75-80% m o r t a l i t y . 
The p r e sen t da ta on the l a rvae of y.. l i t u r a ind ica t e 
t h a t the presence of 1.0 yul of 0.1 to 0.4?^ Rogor i n the 
haonolymph may lead to r e t e n t i o n of unwanted oubstancee for 
longer t ime , which may prove toxic to the i n s e c t . J^ventually 
the i n s e c t may suffer m o r t a l i t y . 
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I • INTRODUCTION 
In the recent yea7B» the progredmrnee for the Integrated 
pest eontrol have gained isuch importanoe. I t Is* thereforet 
quite eesentlal to do intenslYe research on the phyalolofir 
of different origin systems of the peets In response to their 
ecosystem. In Insects* the malplghlan tubules eliminate 
nitrogenous waste as wel l as excess of metabolites from the 
haemolymph and reabsorb such constituents of the haemolymph 
which are needful to the Insect and thus maintain I t s cons-
tant Internal enTlronment within the physlologloal l i m i t s . 
So the application o f ineeotlolde w i l l cause Hhe physiologi-
cal disturbances and ultimately the insec t w i l l d i e . 
Dye elimination by the malplghlan tubules has been 
used by several workers as an indicat ion o f the s t a t e of 
a c t i v i t y of the malp i^ ian tubules. The most useful dye 
for demonstratios excretory function of the malpl^iian tubule 
i s indigocanoine as i t i s not absorbed by any other t i s sue 
of the body and i t i s ent irely eliminated by the malpighian 
tubules . Very l i t t l e attention has been paid to know the 
excretory e f f ic iency of the malpl^ian tubules and ef fects 
o f insec t i c ides on i t . Thus i n the present invest igat ion 
excretory eff ic iency of the malpi^lan tubttles of 5th instar 
larvae of SPOdorter^ l l t u r a Fabr. (Noetuidac) hae b««n 
studied by asseeelng the elioinaticm of indlgooaxaine follov-
lug ItEj inject ion In the hamioXyaph. Then the ef fect o f the 
I n j e c t i o n of a eyBtecilc-ouffl-ooiitaot inseot lo ide nemely, 0-0 
dimethyl S«<^Haethyl carbamoylsethyl} phospfaorodithioate 
(Rogor) i n the haeaioooel of the larvae has been studied on 
the excretory eff lc ienoy* 
The se lec t ion of the larvae of Spodoptwra .Hfltny^ wae 
made with a view to i t s pest nature on a variety of vege-
table crops in northern India* 
I I . RBVIEW 
I t was observed by many workers that Indigo oarmine 
was eliminated by the malpl£^an tubules of insects and not 
absorbed by any other t i s sue of the body. Cuenot (1896) 
injected several so luble dyes in f i f t e e n different epeciee 
of orthopteran inseots and found that indigo oarmine was 
excreted rapidly and not absorbed by any other o e l l of the 
body. Metalnikov (1903) also injected several dyes i n the 
haemolymph of Galleria mellonella and observed that indigo-
carmine was taken up only by the free segments of the mal-
pighian tubules and the dye colour can be seen i n the lumen 
of the tubules after 20 to 30 minutes. Von Gorka (1914> 
injected indigo carmine i n the haemocoel of ^eorophorus and 
Gnapter and obeerved that i t was ent ire ly eliminated by the 
f r e e portion of the malpi^ian tubules and also reported 
that cryptonephrldial complex neither took any part i n the 
dye excretion nor i t reabsorbed the dye from the rectum. 
Wigglesworth (1931) also observed that indigo carmine was not 
absorbed by any t i s s u e of the body and was eliminated entirely 
by the malpi^hian tubules in Rhodnlua i?rolixus. Heymons and 
Luhmann (1933) in the larvae of Galerucella viburnl also 
found that indigo carmine was excreted only by the free portion 
of the raalpi^ian tubules and cryptonephrldial complex did 
not take pa r t i n i t s exore t lon . P o l l (1935) made extenslTe 
s tudy and found t h a t indigo oarmine was rapidly el iminated 
by t h e f ree por t ion of the malpifi^ian tubtilea i n Tenebrio 
p o l l t o r and a lso repor ted t h a t pe r inephr ic membrane was hi^^xly 
permeable to indigo carmine. Lleon (1957 a»b#t938) oheerred 
i n Orthopteran ineec t e t ha t indigo oannine was e n t i r e l y 
e l iminated by the m a l p i ^ i a n t u b u l e s . Palm (1952) observed 
i n about 1?5 d i f f e r o i t s p e c i e r ep resen t ing the i n s e c t order* 
P l e c t o p t e r a , Odonata, Dictyoptera, Gheleutoptera, Orthoptera , 
Dermaptera, Coleoptera, Planipennia , Trichopterat Lepidoptera, 
Hymenoptera, Dipterat Honoptera and Heteroptera t h a t ind igo-
carmine was excreted by the m a l p i ^ i a n tubules and i t was 
not absorbed by any other t i s sue of the body. Saini (1977) 
i n IsmsHSiA* MsmS&lSSk* T^^FXM and G a l l e i l ^ observed t h a t 
wi th in 15 to 30 csinutes a f t e r the i n j e c t i o n t the i n d i g o -
carmine was taken up by the f ree tubu les only and was not 
t aken up by the Grjrptonephridial complex. 
The h i s topa tho log ica l changes i n the malpighian tubules 
caused by the a p p l i c a t i o n of the i n s e c t i c i d e s was a l so observ-
ed by a number of workers such as Richard and Cutkomp (1945) 
i n Pe r iP lane ta amerioai|a t r ea t ed with D.D.T.j Chadbourne 
and Rainwater ( 1953) i n t he l a rvae of Hel io thia a r a ige ra 
a f f ec ted by calcium a r sena te , D.D.T. and d i e ld r in ; Solimon 
and Soliman (1958) In the larvae of Prodenia l i t u r a treated 
vl th parathlon, B.D.T., toxaphane and cotton dust; Mo Mullen 
(1965) in Qnporeltu^ faeolatuE by topical application of 
maneb (93,7^ mapnganoue ethylene bicUocarbaJaate) j Sharma 
(1966) in roecilocerue pJctuB treated v?ith a l lenthr in , dieldrin, 
dichlorvoB and parathionj Banerjee and Kay Chaudhuri (1966) 
i n li^UP^tf^^l^ft mSEXMMj^reated. with malathionj Parooqui 
( 1973) i n 5th inst&r larvae of Prodenia l i t u r a t reated with 
diptrex; Kijsvi and iChan (1973) i n liiero^lytihoixa iii^rQreT)letuB 
t r ea ted with eodiiim s i l icof luor ide . endrln and lindane and 
Singh and Khan (1979) in Sysd erouB oinaulatue applied with 
a l d r i n . In general these insect icides caused the damage 
or degeneration i n the malpighian tubules such as obl i tera^ 
t ion of s t r ia ted border, shrinkage of tubule lumen, discharge 
of cytoplaaxaic granules i n the tubule iiimen, cluiaping of 
nuclear material , vacuolissation end dissolution of the in te r -
cellulBtr menbrane of the epi the l ia l ce l l s e tc . 
L i t t l e work was done on the effect of the insecticides 
on the physiolo^jy of the malpighian tubules. Mellis and 
Baccetti (1957) noted an increase i n the cytoplasmic RNA 
in the epi the l ia l ce l l s of the malpii^ian tubules in para-
thion treated i n sec t s . Banerjee and Rayohaudhuri (1966) 
observed the effect of malathlon on the histophysiology of 
the malpit '^an tubules of PerJplaneta amerloana* They ob-
6«rved that the reactionB for amylaee end Invertaee decreased 
In the treated insects while the reactions for maltase and 
protease remained unchanged. They further observed that 
a f t e r poisoning, the quantity of u r i c acid and urea increased 
while that of creat ine decreaused s l i gh t l y . They also found 
tha t reaction for DNA and general protein was more intense 
in the malp i^ ian tubule cells of poisoned insects than in 
the normal ones* 
Likewise, there i s l i t t l e information on the effect 
of the cliemioais on the excretory efficiency of the malpighian 
tubules in insec t s . Patton, Gard-ner and Anderson (1959) 
studied the effect of certain chanicals on the excretory 
efficiency of the roalpi^^iian tubules by using elimination 
of indigo carmine in PeriDlaneta aineric&na. They found that 
the effects of acetone, soditm arsenate, nicot ine, D.D.T., 
parathion, ohlordane and aldrin were not significant vdiile 
those of ethylene glycol, dieldr in, isodrin and eaidrin were 
s ignif icant at 1$* level and the effects of dini tro orthocyclo-
hexaphenol and heptachlor were s ignif icant at 5% l eve l . 
Moriarty (1971) observed the effect of dieldrin on the ex-
cretory efficiency of the malpighian tubules for the elimination 
of indigo carmine i n re la t ion with the blood volume in 
PTJplaneta amerleana. He oonoluded that dleldrin redue«8 
the excretory rate by lacreaeing the blood volume* Maddrell, 
Gardiner, T i loher and Reynold« (1974) etudled the e f fects 
of certain chemicals on the act ire transport of dyes. They 
observed that the p<-afflinohippuric ac id , benzoic acid and 
u r i c acid had no e f f ec t on indigo carmine transport i n 
CalliPhora ervthrooephala while another dye amaranth inh ib i t -
ed 35^ of indigo carmine transport in the same i n s e c t . 
Arsenate also inhibited 70^ of indigo carmine transport i n 
CalliPhora. Uric acid had no e f fec t on indigo carmine 
transport in Ehodniue prolixu^ and p-aminohippurio acid also 
had no ef fect on amaranth transport i n Khodniue. 
Ill. MATERIALS AMD METHODS 
' — ^ — — M f c i d — I 
SpQdortera UiMl ^a^^r. adults were colXected in the 
night around the lamp and maintained i n pairs in gl^is rear-
ing jare meaeuring S" x 4". Four s t r i p s of white paper were 
kept inside the j a r at the m i l of the j a r with 2" thick 
layer of s t e r i l i s ed sand at the bottom. Th«3e ja rs were 
covered with a piece of muelin cloth and t ight ly fixed by 
means of rubber band and kept at a twoperature of 28 ± \^0 
and 60-709i r e l a t ive humidity. The adults were allowed to 
feed on saturated glucose solution as described by Hashmat 
(M.Phil Thesis, 1969). For th i s purpose a piece of cotton 
wool soaked with glucose solution was wrapped around a glass 
s l i d e and this s l ide was obliquely inserted i n the damp sand. 
The sugar soaked cotton wool was changed dai ly. The females 
l a i d eggs on the paper s t r ips which were transferred to fresh 
j a r s for hatching of the egss. 
2 . Sampling of the larvaei 
The e g ^ hatched af ter 5 or 6 days. After 4 days 
following hatching ten larvae were trans f«rred to each rear-
ing j a r with 2" thick layer of s t e r i l i z e d sand at the bottom. 
These j a r s were covered with muslin c lo th . They were fed on 
fresh castor leaves . When the larvae moulted to 5th stage. 
thoy w«re weighed and length and width o f the head was 
measured* The larvae waLghing 410 mg approxlffiately* meafiur-
ing 3*75 OBuin length and 0.5 osi. i n width were sorted for 
the experiment. Some larrae were allowed to pupate i n the 
rearing jars containing 4** l ^ e r of s t e r i l i s e d sand and 
eoirered with muslin oloth* to oontinue the stook 
5 . Determination of Optieal deacity of the haaaolympht 
a?he technique for the determination of opt ica l density 
o f the haemol^ph was the same as followed by Patton, Oard-nsr 
and Anderson (1959) with s l ight modiflcations. The 5th instar 
larvae of the approximate weight 4tO mg. were se lec ted for 
the experiment. A capi l lary was marked by black pen upto 
a place where 4 /ul hawaolymph rose . Thus sample of haemo* 
lymph was drawn i n the capil lary upto the marked point from 
the out end of an abdominal l e g . After using* the capil lary 
was rinsed in d i s t i l l e d water and dried completely before 
reuse . This haemolymph seyaple was poured on a s t r ip of paper 
(Whatman Ho. l ) . Five such samples of haemolymph from different 
larvae were taken on the paper s t r ips each measuring 1.2 x 
1.2 era. All the paper s tr ips were dried. Two para l l e l l ines 
1.2 cm. apart were dra-wn on the ^ a s e p late of the densito-
meter by a block sketch pen. Approximately 13 minutes were 
allowed for adjtuitment of photoeleotrlo densitometer (Systronix 
* 1 
Ltd.) at 100^ transslBelon by using r«d refL«otor* Then 
a l l th« paper 8 tr ipe haTlng hawnolymph spot* irere arranged 
on tl e glass plate i n between the para l l e l l i n e s at equal 
distances and percent tranflnBlssion of each spot iras deter-
mined at i t s dlanteter by moving the glass plate so that the 
spot came i n the illuminated f i e l d . Then these yalues vere 
converted into opt ica l densit ies with the help of a c a l i -
brated table (Srma Manual» Japan) • 
4» Preparation of different concentratioiM of indigo oanaine 
Bolutiom 
Three solut ions of i n d i ^ carmine v i s . f 2*5%, ^^O^ 
and 7«5^ were prepared i n d i s t i l l e d water. For 2.3% solution, 
250 fflg. indigo carmine (B.B.H.) was dissolved i n 10 ml. of 
d i s t i l l e d water, 900 mg. indigo carmine was dissolved in 
10 ml. d i s t i l l e d water, for 5% solut ion and 750 mg. indigo-
carmine was dissolved i n 10 ml. d i s t i l l e d water for 7.5?^ 
s o l u t i o n . 
5. Inject ion of di f ferent concentrations of indigo canainei 
4.0 jaX of each concentration of indigo carmine was 
in jec ted into the haemocoel of individual larva by a tuber-
cu l in syringe with the help of micro applicator throui^ dorso-
l a t e r a l s ide between the l a s t thoracic and f i r s t abdominal 
segment. 
6. Binocular obaeryatiooBi 
Meny larrae weir© diaseoted from 5 to 20 minutes after 
the Infection of Indigo caimlne so lu t ions . The larvae were 
al&o dissected a f ter the oooplete elaaranoe of indigo oazmine 
from the haemolymph, 
?• Determlaation of Optloal density of the haeaolyaph of 
the larvae injected with different oonoentrationa of 
indigo oanainei 
For the detersiination of op t i ca l density of the haemo-
lymph of the larvae following the in jec t ion of different 
concentrations of iadigo-oanane, f i r s t sample of the haeao-
lymph was taken after 15 ainutes o f inject ion upto the marked 
point of the capi l lary by cutting one of the abdominal l e g . 
In th i s way f ive samples of dyed ha«aolymph were drawn from 
f i v e larvae and each measured sample was dropped on the paper 
s t r i p ( Whatman JMO.1). The next f ive samples of dyed haano* 
lymph were taken on a paper s tr ip from a se t of another f ive 
larvae injected with each concentration of indigo carmine 
at an interval of 30 minutes. In th i s way samples of haemo-
lymph were taken u n t i l and unless a l l the dye cleared from 
the haeaolymph. The larvae onoe used were rejected for the 
next observations. 
Now, each s t r i p having dy«d haemolyiBph drop was cut 
i n t o a piece measuring 1.2 x 1.2 cm. Then percent traiffl-
laifiBion was deteiinined with the he lp of pho toe l ec t r i c dens i -
tometer ao descrihed e a r l i e r . La t e r on, these values of 
pe rcen t t ransmission were converted i n to op t i ca l d e n s i t i e s 
with the help of a c a l i b r a t e d t ab le* 
8 . P repara t ion of d i f f e r e n t concentra t ions of Rogor: 
To study t h e e f fec t of an i n s e c t i c i d e oa t he excretory 
e f f i c i ency of the malpighian tubules* a syBtemio ovm oontact 
t e c h n i c a l organophosphate compound namely - 0 , -0 dimethyl 
S-(li-*methyl oarbomoyl methyl) Fhosphorodithioate (Roger) was 
s e l e c t e d and i t was obtained from E a l l i s India Ltd . l o r 
t h i s purpose a s tock so lu t ion of 1/( Rogor was prepared i n 
acetone by d i s so lv ing 1 gm. t echn ica l Rogor i n 100 axl* acetone. 
After t h a t following concentrat ions were prepared by d i l u t i n g 
1^ Rogor i n acetone. 
( A ) 0 > 0 ^ ^ * 2.5 ml of 1^ Rf^gor s o l u t i o n was mixed in 47.5 ml. 
ace tone . Thus 50 ml . of 0.05/'^ concent ra t ion w-ae obtained 
which contained 25 mg. of Rogor. 
(^) Q«1^ - 5 ml. of 15* Rogor s o l u t i o n was mixed i n 45 ml. 
acetone which yie lded 50 ml. s o l u t i o n of 0.1;^ conta ining 
50 mg, Rogor. 
( e) 0 .19^ - 7 .5 ml» of 1?? RogDr e o l u t i o n was usixed i n 42'«5 
ml* acetone which y ie lded 50 ml, eo lu t i on of 0 .15^ contedn-
i n g 75 Big. Rogor. 
C"^ ) 9** '^^  " '0 Bii« of li'i Eogor e o l u t i o n was mixeu i n 40 aui. 
aue tone , y ie ld ing 50 ml* so lu t ion of 0 .2^ containing 100 mg* 
Rogor. 
( • ) 0 . 3 ^ - 15 mi. of I^Hogor so lu t i on wae mixed i n 35 ml* 
ace tone which mede 50 ml . so iu t ion of 0*3ji containing 156 Bg* 
of Rogor. 
( ^) 0*ig^ « 20 ml. of 1^ Rogor isolation wafl mixed i n 30 mi. 
of acetone vhich gave 50 ml. s o l u t i o n of 0*4f' conta ining 
200 mg. Bogor. 
9* In j ec t ion of acetone and 3^ indigo oarminet 
I n control i n seo te ins tead of i n s e c t i c i d e eo lu t ion 
only acetone was in jec ted* In t he f i r s t s e t of experiments 
1.0 jal acetone was in jec ted in to t h e haemocoel of each l a r r a 
through dorsal s ide i n between the l a s t thoracic and f i r s t 
abdominal segment ( I s t s i t e ) . After f ive minutest 4*0/ i l of 
5% ind igo caznine so lu t i on vaa in jec ted i n the same l a rva 
through dorso l a t e r a l s i d e i n between l e s t thcxucio and f i r s t 
abdominal segment ( 2nd s i t e ) • 
In the Beoond eet of axperimants 1.0 ^ acetone was 
in jec ted into the haeaoooel t h r o u ^ the l e t e l t e . Then the 
larrae were kept i n Jars with abundant castor leavos and 
a f ter 15 hours 4.0 jal of 5% indigo carmine was injected 
through the 2nd s i t e . 
In the third s e t of experiments 1 .0/ul of acetone was 
injected into the ha«BOOoel as mentioned ajbove* Then they 
were kept i n separate jara with fresh castor leaves and 
4*0 yul of 5/^  indigo carmine was injected in the same way as 
mentioned aboTe af ter 30 hours of the inject ion of acetone* 
1 0 . Deteimination of Optical density of the haemolymph of 
the leunrae injected with acetone and 5^ indigo oaaminei 
The dyed samples of the haemolymph of the larrae of 
f i r s t s e t of experiment were taken af ter 13 minutes following 
the in j ec t i on of 3% indigo carmine on the paper s t r i p with 
the help of same capi l lary up to the marked point. Thereafter 
other samples of dyed haemolymph were taken at an interval 
of 30 minutes each u n t i l and unless a l l the dye cleared from 
the haemolymph. At each time 3 samples of dyed haemolymph 
were taken from di f ferent f ive i n s e c t s . 
The dyed samples of the haemolymph of the larvae of 
second and third s e t of experiments were taken i n s imilar 
way as for the larvae of f i r s t s e t o f experiments. 
After that a l l the s tr ips were out la to separate 
p i eces of t .2 x 1.2 ora. eaeh and percent transmission of 
each spot o f haemolymph was determined with the help of photo-
e l e c t r i o densitometer. The Yaluss of percent tra-nsBlsslon 
were oonverted into opt ica l dens i t ies which were considered 
as control* 
11 • Inject ion of different oonoentrations of Rogor and 
5% indigo oaiminei 
In the f i r s t s e t o f experiments* the larrae were in* 
jec ted with 1.0 yul of each concentration of Rogor then after 
5 minutes 4*0^1 of 3^ indigo carmine was in;]ected. They were 
kept i n separate Jars on the fresh castor leaVMi* 
In the sewiad s e t o f experiosnts* the larvae were i n -
jected with 1.0 yul of each concentration o f Rogor and kept 
i n separate jars on fresh castor leaYes. After 13 hburst 
4*0 yUl of 5^ indigo carmine was injected in these larvae. 
In the tiiird se t of experiments* 1.0 yul of each 
concentration of Eogor was injected in each larra and kept 
i n separate jars on fresh castor l eaves . After 30 hours, 
4.0 yul o f 3^ indigo carmine was injected i n each larva. The 
observation following the inject ion o f 0.4^ Rogor was not 
poss ib l s t due to 75-805^ mortality after 30 hours. 
1 2 , Detenaination of o p t i c a l densi ty of "fiig ha«aoIyaph of 
the la rvae i n j ec t ed with d i f f e ren t conoentrationB of 
Ragor and 5^ indigo canainet 
The samples of the hacH&olymph following the i n j ec t ion 
of Eogor and indigo carmine were tai-cen i n the sasie way as 
f o r acetone and 5^ indigo caraiine i n j ec t ed l a r v a e . F i r s t 
s e r i e s of f ive samples of the ha«aolymph was drawn by the 
marked cap i l l a ry a f t e r 15 minmtes following the i n j e c t i o n of 
5^ ind igo carmine and soaked on the paper s t r i p . Then other 
samries were taken a f t e r the i n t e r v a l of 30 minutes each u n t i l 
and unless a l l the dye cleared from the haemolyaqph* The 
l a r v a e i n the morimvmd stage were re jec ted for the observations. 
After t h a t the s t r i p s wersout i n p ieces of 1.2 x 1.2 em. 
The percent t ransmiss ion of each dror of the hawnolymph was 
determined and these values were converted in to o p t i c a l den-
s i t i e s r e s p e c t i v e l y . 
1 3 . Ber i a l d i l u t i o n curvei 
To ca lcu la t e the quant i ty of indigo carmine i n the 
haemolymph per ml, a s e r i a l d i l u t i o n curve was drawn. For 
t h a t a so lu t i on of 2.5 mg/ml of indigo carmine was prepared 
and from t h i s s o l u t i o n 5 samples each measuring 4.0 fxX were 
t aken by the marked c a p i l l a r y . Bach samnle was then dropped 
on the paper a t r ip (Whatman Uo.1), This capillary wae 
rinsed i n d i s t i l l ed water after using and oompletely dried 
before re-using. Then 0.5 ml of 2.3 mg./nl. solution was 
mixed in 0*5 ml* of d i s t i l l e d water thoroughly* thus a solu-
t ion of 1.25 mg/ffll was obtained. Again five samples of this 
so lu t ion were ta>cen on the paper s t r i p in the same way* This 
solut ion was further diluted s e r i a l l y i n d i s t i l l ed water to 
obtain a solution of 0*625 mg/ml. and re la t ively weaker 
solut ions as shown i n the table I . Five samples of eaoh 
di luted solution were taken on the paper s t r i p with the help 
of marked capi l la ry . These s t r ips were out into pieces of 
1.2 X 1.2 csa.t each hating one drop. The percent transmission 
of each drop was determined by photoelectric densitometer 
and these values were converted in to opt ical densit ies r e s -
pec t ive ly . The mean value of opt ica l densit ies of five drops 
of a par t icular solut ion was esulculated. After that optical 
dens i t ies were plot ted against respective se r i a l solutions 
of indigo OBrniine and i t gave a s t ra igh t l ine (Graph 1). 
From the graph arbitary uni t was determined* One unit 
had the same reflectance value as an 0.0175 mg/ml aqueous 
so lu t ion of indigo carmine. 
1 4. Determination of indigo carmine concentration in the 
haeaolympht 
The mean opt ica l density of f ive samples of dyed 
Table I t Showing date for s e r i a l di lut ion curve. 
Indigo carmine solution Optical Density 

























- l ... 
') 
.^  
J.. . . 
o (C 






- . i - . 
O 
i/» 





i d T>' 0 I 
heemolymph of each concentra t ion wac calculfeted. After that 
the indi«&o carmine i n mg/ml I n the ha^eolyaph vas determined 
wi th t he help of t h e d i l u t i on curve and a r b i t a r y u n i t of 
each mean o p t i c a l dens i ty toy consider ing 0.223 Opt ical 
dens i ty as zero u n i t . 
15* Determination of r a t e of e l imina t ion of Indigo c a m i n e 
per minutet 
fhe indigo carmine concentrat ion i n haemolym h for 
a p a r t i c u l a r time was subst racted from the indigo carmine 
concen t ra t ion in the haemolymph i n the previous t ime. I t 
gave t h e quanti ty of the indigo carmine which was eliminated 
i n the i n t e r v a l of these two t imes . Thus a formula has been 
der ived to c a l c u l a t e the r a t e of e l iminat ion of indigo carmine 
pe r minute . 
a <- b 
R 
Where» 
E m Kate of e l iminat ion of indigo carmine per minute, 
a "> Indigo carmine concentrat ion i n the haemolymph 
i n mg/ml for a p a r t i c u l a r t ime. 
b » Indigo carmine oonoentrat ion i n the haemolymph 
i n mg/ml for the next t ime , 
t « I n t e r v a l of time in minutes in between a and b . 
16. Dtterminatlon of Standard DgYlatlon, Standard Error and 
Significance Valuei 






B.D. a« Standard devia t ion . 
BD - Sum of equare of the difference of mean va lue . 
a » Number of observat ione• 
Standard I r r o r was ca lcula ted by » 
S.D. 
O • Xi • 
\/ H 
Where, 
L>.]3. « Standard Error 
S,'D. « Standard Deviation 
N. » Mimber of observa t ions . 
and Signif icance value was ca lcu la ted by. 
»1 " ^2 
S.D^ S.Dg 
" \ 
t » S1 galfioano* value 
n^  « Mean of the f l w t se t of observations 
B^ « Mean of the second se t of obserratlona 
S.D.^« Standard deviation of the f i r s t s e t of 
observations. 
S.D«2* Standard deviation of the second se t of 
observaticnc. 
n^ « dumber of obaervations of the f i r s t s e t . 
Tig » i^ xanber of observatioxis of Ifee second s e t . 
IV. RESULTS AUD OBSHIVATIONS 
1 • Blnocalar Qbservatlone; 
Under b inocular i t ira« observed tha t indigo carmine 
was taken up by the free por t ion of the malpi^i ian tubules 
and not by any o the r t i s sue* However, the c ry tonephr id ia l 
complex does not absorb the dye. Fur ther i t was observed 
t h a t the dye takes about 13 minutes to en te r the malpighian 
t u b u l e s • 
2 . Rate of e l imina t ion of d i f fe ren t concentrat ions of ind igo-
carmine by the malpi^tiian tubules of 5th i n s t a r la rvae 
of S. l i t u r a i 
The larvae in jec ted with 4.0yal of 2 .5^ indigo carmine 
have 0.6125 mg/ml dye concentra t ion i n the haemolymph a f t e r 
15 minutes following the i n j e c t i o n . The dye e l iminat ion from 
t h e haemolymph begins a f t e r 15 minutes following i n j e c t i o n 
and the re fo re a f t e r t h a t the dye concentra t ion i n t he haemo-
lymph gradually dec reases . After 15 minutes following dye 
i n j e c t i o n , the r a t e of e l iminat ion was 0.0105 mg/ml/min. and 
a f t e r 45 minutes following dye i n j e c t i o n , the r a t e decreased 
to 0.0099 mg/tBl/mln. Total amount of dye was el iminated 
w i t h i n 1.15 hours (Table 1 ) . 
After 15 minutes following the i n j ec t i on of 4.0 yul 
of 5% indigo carmine, the dye concent ra t ion i n the haemolymph 
Tabic 1i Shoifing the excr«toiy eff ic iency of the malpighian 
t u b u l e of 5th ins tar larrae of Spodoptera l i t u r a . 
following the in jec t ion of 4.0 yul of 2#596 indigo-
oaraine* 
Time Haeffiolymph Value Pye I^e Rate of dye 
af ter O.B.(Mean) of ' t ' concentration eliminate elimination 
dye in<» HH B . E . in the haemo- ed per minute 
jeot ion "" (Calcu- lymph (mg/ml) (mg/ml/min,) 
lated) (ng/ml) 
15 Min, 0.258 
•0.0009 
45 Min. 0.240 
•0.001 











7alue of ' t ' between suoceesiTe G.D. means. 
Tabulated value of *t» at 4 degree of freedom and 3% l eve l of 
Bignif icant « 2,776 
• Signif icant at 5^ l e v e l . 
vaB 1.2230 mg/ml* The dye was completely elimioated within 
2.13 hours. The rate of dye e l io inat ion was 0.0110 mg/ml/mini 
a f t er 13 laixmteB following dye i n j e c t i o n , i^ich gradually 
decreased and became 0.0093 mg/nl/min. after 1.43 hours 
(Table 2 ) . 
The dye concentration i n the haemolymph was 1.923 
mg/ml after 13 minutes following the inject ion of 4.0 yul of 
7.3?S indigo cormine. Total amount of dye was eliminated 
from the haemolymph within 3.13 hours. After 13 minutes 
fol lowing dye inject ion* the rate of elimination was 0.0116 
mg/ml/min. which gradually decreased and after 2.43 hours 
became 0.0093 mg/ml/min. (Table 3 ) . 
3 . Effect of acetone on the rate of elimination of 3^ 
indigo oarminei 
The larvae injected with 1.0 /ul of acetone and 4.0 jul 
of 5% indigo carmine after 5 minutes, 1 3 hours and 30 hours 
did not show any change i n the rate of d:j9 elimination. The 
rate of dye elimination i n a l l these insects was similar to 
that of normal insec t s injected with 4.0 yul of 5% ind ico -
carmine. 
Table 2i Showing the excretory eff ic iency of the malplgiilan tubules 
of 5th instar larrae of t^podoptera l i tura . following the 
in jec t ion of 4.0yul o f 5^ indigo oarmine. 
Time af ter Haemolymph Value Dye con- Dye e l i - Rate of dye 
dye i n j e o - O.D,(Meaa) of •t* centratloa minated elimination 
t ion . j;, S.E. i n the (mg/al) per minute 
"* (Calcu- haeoolymph (mg/ml/ain.) 
lated) (mg/ttl) 
15 Min. 
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Value of *V between sucoesa-ive O.D. means. 
-cbulated value of 't* at 4 degree of freedom and 
5% leve l of s igni f icant « 2.776 
# H Signif icant at 55* l e v e l . 
Table 3t Showing the exoretory effiolenoy of the malpigMaa tubtilee 
of 5th iDBtar larvae of Spodopter^ l l t u r a . following the 
injeet ion of 4 . 0 ^ of 7»55i indigo carmine. 
Time af ter Haemolymph Value Dye con- Dye e l l - Rate of dye 
dye i n j e o - O.D.(Hean) of * t* oentration minated elimination 
t ion . + S.E. i^ ,^„ in the (mg/ml) per minute 
iCalcu- haemolymph (mg/ml/iain,) 
lated) (iBg/ai) 
15 Min. 0.533 1.9250 
10.0009X, 
/ > 5 . 0 * 0.3500 0.0116 
45 Min. 0.313" 1.5750 
•O.OOOTX 
^ 5 . 0 * 0.3500 0.0116 
1.15 Hr. 0.293C 1.2250 
±0.0009 
4.873* 0.3325 0.0110 
1.45 Hr. 0,274C 0.8925 
±0.0009 \ 
>4 .245* 0.3150 0.0105 
2.15 Hr. 0.256C 0.5775 
±0.001 \ 
> 4.609* 0.2975 0.0099 
2.45 Hr. 0.239C 0.2800 
±0.0005^\ 
X 
> 5.164* 0.2800 0.0093 
3.15 Hr. 0.223 0.0 
±0.0007 
Value of * t* between auoceoBive O.D. means. 
Tabulated value of 't* at 4 degree of freedom 
and 5?J l eve l of e ignif icant « 2.776 
• Signif icant at 59^  l e v e l . 
4 . Bff«ct of different eonogntratlona of Rogor inj«ct ion 
on the rate of allmlnatloa of 9^ indigo oainingilnjeetgd 
after 5 ninutee o f Rogor injeot ion , 
When the larvae were injected with 1.0 yul of 0.05^ 
Rogor and 4.0 yul of 5^ indigo oarmine after 5 rainutes they 
had 1 .223 mg/ml dye oonoentration i n the haemolymph after 
15 minutes of dye i n j e c t i o n . The ent ire dye was eliminated 
from the haemoljroph within 2.15 hours. After 15 minutes of 
the dye inject ion the x^te of elimination was 0.0110 mg/ml/ 
min. which gradually decreased and remained 0.0093 mg/ml/min. 
a f t er 1.45 houre of dye in jec t ion . I t showed that the i n -
j ec t ion of this concentration of Rogor had no e f fect on the 
ra te o f dye elimination (fable 4 ) . 
The larvae injected with 1.0 jal of 0.1% Rogor and 
subsequently 4 .0/ul of 3^ indigo oarmine had y ,2^25 mg/ml 
dye concentration i n the haemolymph after 15 minutes of dye 
i n j e c t i o n . The ent ire dye was eliminated i n about 2.50 hours. 
After 15 minutes of dye in jec t ion , the rate o f dye elimination 
was 0.0110 mg/ml/min. and remained the same upto 1.45 hours 
as in normal insec t s but decreased to 0.007 mg/ml/min. after 
1.45 hours and at l a s t after 2.15 hours the rate of dye e l i -
mination was further decreased to 0.0058 mg/ml/min. (Table 5 ) . 
Table 4i Showing the e f f ec t of 0,05^ Rogor i n j e c t i o n on the 
excretory ef f ic iency of the m a l p i ^ i a n tubules of 5th 
i n s t a r l a r r a e of 3r^ocbT)tera l i t u r g (59^ indigo carmine 
in j ec t ed a f t e r 3 minutes}• 
Time a f t e r Haemolymph Value Dy® concet-.- I^e e l i -
dye i n j e c - O.D,(Kean) of ' t * tjnation minsted 
t i o n . j ; S . I . i n the (mg/ml) 
"" (Calcu- hawBolymph 
l a t ed ) (mg/ml) 
Rate of dye 
e l iminat ion 
f er ininute mg/ml/min.) 
15 Min. 
45 Min. 
1.15 Hr . 
1.45 Hr . 
2 .15 Hr. 
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Value of ' t * between success ive O.D. meane. 
Tabulated value of » t ' a t 4 degree of freedom 
and 5% l e v e l of Bignif leant « 2.776. 
* Bitpxificant a t 3^ l e v e l . 
Table 5t Showing th« e f fec t o f 0,1?^ Rogor i n j e c t i o n on t h e 
excretory e f f ic iency of the malp i# i ian tubules of 5th 
i n s t a r l a rvae of SpodQBtera l l t u r a (5?^ indigo carmine 
i n j ec t ed a f t e r 5 minutes)• 
Time a f t e r Haemolymph Talue I^e con- Dye e l i -
dye i n j e c - O.I).(Mean) of ' t * c « a t r a t i o n lainated 
t i o n . ± S , l . . i n t h e (mg/ml) 
Rate of dye 
e l iminat ion 


































Value of * t ' between suoceeslTe O.D. means. 
Tabulated va lue of ' t * a t 4 degree of freedom 
and 5?^  l e v e l of s i g n i f i c a n t « 2.776. 
•S ign i f i can t a t ^% l e v e l . 
:;() 
The dye concentration i n ihe haemolymph was 1,26 Bg/ml 
af ter 15 mioutoe following the in jec t ion of 4.0 jal of 5% 
indigo carmine already injected v i t h 1.0 yul of 0.155* Rogor 
5 minutes before the dye injet t ion* After 15 minutes of dye 
inject ion* the rate of dye elimination was 0.0110 mg/ml/min. 
and remained the same upto 1.15 hours as in normal insects 
but decreased to 0.0081 mg/ml/min. after 1.15 hours and 
at l a s t after 2.45 hours the rate further decreased to 
0.0035 mg/ml/min. The whole amount of dye was eliminated 
within 3 hours (Table 6)» 
The larvae injected with 1.0 /ul of 0.2^ Rogor and 
4.0 yul of 5^ indigo carmine after 5 minutes* had 1.2425 mg/ml 
dye concentration in the haemolymph after 15 minutes of dye 
i n j e c t i o n . The rate of dye elimination was 0.0110 mg/ml/min. 
a f t e r 13 minutes of dye inject ion which was similar to that 
of normal larvae and after 45 minutes i t decreased more and 
became 0.0093 mg/ml/min. After 3.15 hours the rate of dye 
el imination decreased to 0.0011 mg/ml/min. The to ta l quan-
t i t y of dye was eliminated i n about 3.30 hours (Table 7 ) . 
The larvae injected with 1.0 yul of 0.3^ Rogor follow-
ing the inject ion of 4.0 yul of 5% indigo oaxiiiine after 5 
minutes showed 1.26 mg/ml dye concentration i n the haemolymph 
af ter 15 minutes of dye injec t ion . The t o t a l amount of dye 
Table 6t Shoiiing the e f fect o f 0.13/^ ROSQT in ject ion on the 
excretoiy e f f i c iency of the malpighian tubulea of 5th 
instar larvae of Spodoptera l i t u r a (5?^ Indigo carmine 
injected after 3 minutee). 
Tine a f ter Haemolymph Value Dye eon- Dye e l i - Rate of the 
dye i n j e o - O.D»(Mean) of 't* centration minated elimination 
t i on . + S.R. i n the (mg/ml) per minute 
"" (Calcu- haemolymph (mg/ml/min.) 























^ 4 . 2 4 3 * 
^ 3 . 7 4 2 » 
^ 3 . 1 6 » 
^ 3 . 1 6 2 « 














Value of 't* between saooeBsive D.D. means. 
Tabulated value of *t' at 4 degree of fsreedom and 
5^ l e v e l of s ign i f i cant « 2.776. 
•Signif icant at 5% l e v e l . 
Table 7» Showing the e f fec t of 0.2^ Rogor inject ion on the 
excretory ef f to iency of the malplghlan tubules of 5th 
Izistar larrae of Spodoptera l l t u r e (5)^ Indigo carmine 
injected after 3 mlnutee) • 
Tine after Haomolymph Value of Pye con- Bye e l l - Rate of dye 
dye l a j e o - O.D.(Mean) ' t ' centratlon alnated eliialnation 
t ion . + S.K. (Calcu- i ^ *^« (mg/ml) per minute 






















































Value o f *t* between Bucoeosive C D . means. 
Tabulated value of 't* at 4 degree of freedom and 55* l eve l of 
Blgnificant. * Signif icant at 5% l e v e l . 
was eliminated i n about 4.45 hours. After 13 rainutee of dye 
i n j e c t i o n , the rate of elimination was 0.0099 mg/ml/min. which 
gradually decreased to 0.0011 mg/ml/min. after 3.15 hours 
and remained the same upto 4.45 hours (Table 8) • 
The dye concentration in the haemolymph was 1.2775 
mg/ffll a f ter 15 minutes following the inject ion of 4.0 yal of 
3fo indigo carmine i n the larvae already injected with 1.0/ul 
of 0,A% Rogor before 5 minutes of dye inject ion . After 15 
minutes following dye inject ion , the rate of dye elimination 
was 0.0093 mg/ml/min. which decreased gradually and became 
0.0011 mg/ml/min. after 4.45 hours. The time for complete 
el imination of the dye was about 5.15 hours (Table 9) • 
5 . Effect of different concentrations of Rogor on the rate of 
elimination of 5^ indigo carmine injected after 15 hours 
of Rogor inject ion: 
The lai*vae injected with 1.0/ul of 0.05?^ Rogor and 
A,0 fxl of 5^ indigo carmine after 15 hours had 1.2425 mg/ml 
dye concentration in the haemolymph after 15 minutes follow-
ing the dye i n j e c t i o n . The rate of dye elimination was 
0.0105 mg/ml/min. after 15 minutes following -foe dye injection 
which decreeused gradually and became 0.0064 mg/ml/min. after 
2.15 hours. Total amount of dye was eliminated in about 
2.45 hours (Table 10) . 
"I 
Table 8i Showln^j the e f f ec t o f 0,3?i Rogor In j ec t ion on the 
excretory e f f ic iency of t h e m a l p l ^ l a n tubulee of 3th 
I n s t a r l a rvae of Si)odot)tera l l t u r a ( 5 ^ indigo carmine 
i n j e c t e d a f t e r 5 minutes ) . 
Time a f t e r Haemolymph 7alue of Qye con- Dye e l i -
dye i n j e o - O.D.(Mean) *t* c e n t r a t i o n minated 
t i o n . + s . S , ,„ . i n t h e (mg/ml) {Calcu- haemolymph 
l a t ed ) (mg/al) 
15 Min. 
45 Min. 
























































Kate of dye 












7alue of ' t ' between euocessive O.D. means. 
Tabulated value of ' t* a t 4 degree of freedom and 5^ l eve l of 
Bignificant ^2776 . * Sifenifiant a t 5'/, Wet. 
Table 9i Showing tho e f f ec t of 0*4^ ^ Rogor Injeotlon on the 
excretory e f f i c iency of the malpi^ian tubules of 3th 
i a s tar larrae of Spodoptera l i t u r a (5^ indigo camine 
injected after 5 fflinutee). 
Tine af ter Haemolymph Value of Pye con- Sye e l i * Rate ot dye 
dye injeo* O.D.(Hean) *t* oentration ainated elimination 












































^ > 4 . 0 « 
> - 3 . 7 4 2 * 
^ > 3 . 7 0 8 * 
; > 3 . 1 6 2 * 
> • 2.958 • 
^ > 2 . 5 
^ 2 . 2 3 6 
> 2 . 2 3 6 













Value of 't* between sucoees-lYe O.D. means. 
Tabulated value o f ' t ' at 4 degree of ftceedom and 5^ l e v e l of 
s i gn i f i cant « 2.776. 
• Significant at 5% l e v e l . 
lab le lOi Shoving th« e f f«et of 0.05?^ Rogor inject ion on th« 
•xoretory eff ic ienoy of the malpighian tabul«B of 5th 
inatar Xarrae of Bpodoptera l i t u r a (3% indigo catmint 
injeetad aftar 15 hours)• 
Tima aftar Haaraolymph Value of Jiye oonoan* I^a e l i * 
dya i n j a o - 0»D.(Maan) *t* trat ion mizmtad 
t ion , ± S.E. (Calcu- i n tha («g/ml) 
latad) haeiaolyaph (»g /« l ) 









































Value of *t* between suoceaaiye O.D. means. 
Tabulated value o f *t' at 4 degree of freedom and 
5?i l e v e l of aignlf l eant •• 2.776. 
•bignif icant at 5^ l e v e l . 
The dye concent ra t ion i n the haemolymph a f t e r 15 
minutes of 4»0/ul of 5?^  indigo carmine i n j ec t i on was 1.2600 
og/ml when 1 . 0 ^ 1 of 0,1 ?C Rogor was already in jec ted before 
13 hours of dye i n j e c t i o n . After 15 minutes following the 
dye i n j e c t i o n , t h e r a t e of e l imina t ion was 0.0087 mg/ml/min. 
which gradually decreased and became 0.0033 mg/stl/min. a f t e r 
3.15 hours . The time for complete e l imina t ion of the dye 
was about 3.30 hours (Table 11) . 
In the l a rvae in jec ted with 4.0yul of 5^ indigo carmine 
a f t e r 15 hours of 1 . 0 / i l of 0.155^ Eogor izi ject ion, the mai-
phig idan tubules took about 4.00 hours for complete e l imina-
t i o n of the dye from t h e haemolymph. After 15 minutes follow-
ing the dye i n j e c t i o n , t he concent ra t ion of the dye i n the 
haemolymph was 1.225 mg/ml and the r a t e of dye e l iminat ion 
was 0.0081 m^ml/min. which decreased to 0.0023 mg/ml/min. 
a f t e r 3.45 hours (Table 12), 
The en t i r e quan t i ty of dye was el iodnated from the 
haemolymph i n about 4.45 hours when in j ec t ed with 1.0/ul of 
0,2^ Rogor and 4 . 0 ^ of 5^ indigo carmine a f t e r 15 hour s . 
After 15 minutes following the dye i n j e c t i o n , the concentrat ion 
of t h e dye i n the haemolymph was 1 .26 mg/ml and the r a t e of 
dye e l iminat ion was 0.0075 mg/ml/min. which decreased gradually 
and became 0.0017 mg/ml/min. a f t e r 4.15 houM (Table 13) • 
Tabls 111 Showiog the ef f«et o f 0 .1^ Rogor inJ«otloxi on the 
excretory e f f ic iency of tSae malpigjiian txibules of 5th 
Inetar larvae of Suodoptera JJLtiga (5?< indigo oamine 
injected after 15 houra). 
Time af ter Haenolymph Value of I)ye con- I2|ye e l i -
dye i n j e e - O.B.CHeaxi) *t* centration minated 
t lon . ± 3«S. {Calcu ia''!^® (mg/al) 

























































Value o f 't* between suooessiTe O.D. means. 
Tabulated value of 't* at 4 degree of freedom and 
5^ leve l of e lgni f icant « 2.776. 
* Signif icant at 5^ l e v e l . 
Tabltt 12t Showing the • f f«ot o f 0.15?^ Eogor Injeotlon on th« 
•zeretory •fflelftnoy of the malplghian tuhulee of 5th 
Inetar larrae of SDodoptara l l t u r a {59f indigo carmine 
injected after 15 liourB) 
Time af ter 
dye i n j e c -
t i o n . 
Haeraolymph Value 









Rate of dye 
elimination 





























































VGOUC of ' t ' between eucomislve O.D. means. , 
Tobolotecl value <^.i't'.at-^de^ree^ ojr'ireed.^i'nn aocl^/^ level oi cj Si^Oii i c a n t - 2-116> 
* Si^n-,-f.c<5oL<''t J5X level . 
n 
Sable \3t Shoving th« «ff«et o f 0,29$ Rogor la jeot ioa on th« 
exorfitory • f f i c i enoy of the malplghlESi tubulee of 5th 
instar larvae of Spodopter^ l l t a r a (55^ indigo carmina 
injelfted aft or 15 houm). 
T1BI9 a f t*r Haenolyaph 7alu« Dye oon^ Bye e l l - Hate o f the 
dye I n j e e - O.D.(Mean) of *t* ocntratlon minated dye el lnlnation 
t i o n , ^ 3.B. (Calcu.- i » the (mg/ml) per minute 
lated) haeaolymph (mg/ml/min.) (mg/ml) 
15 M i n . 
45 M ln , 
1.15 Hr. 








-•0.001 ^ \ ^ 
^ 3 . 6 0 5 • 
0 . 2 8 2 ^ 
+ 0 . 0 0 0 9 \ . 
^ > 3 . 7 0 8 * 
0.271 \ 
+0 .0007^ \ 
> 3 . 1 6 2 « 
0.26lC^ 
• 0.001 \ . 
^ > 2 . 7 3 8 
0.252C^^ 
••0.001 \ 
*" > 2 . 5 8 1 
0.244C 
+0.001 ^ \ 
J>2.645 
0.237C^ 
•O.OOI ~ -^\^  
> 2 . 7 3 8 
0.231^^ 
•0 .0009^ - \ 
J>2.236 
0.226C' 
































Value of *t* between euoeesBlTe O.D. means. 
Tabulated value of 't* at 4 degree o f freedom and 
5% l e v e l of s ign i f i cant « 2.776, 
•Signif icant at 59^  l e v e l . 
I n the l a rvae Injected with 1,0 /ul of 0,3?^ Rogpr and 
4.0 ^il of 5f« Indigo cairoine a f t e r 15 hours , the m a l p i ^ i a n 
tuhu lee eliminated t he e n t i r e quant i ty of ttia dye from 14ie 
iiaeniolymph i n about 5.45 hours. After 15 minutes following 
t h e dye i n j e c t i o n , t he concentrat ion of the dye i n the haemo-
lymph wete 1.26 mg/ml and the r a t e of dye e l iminat ion was 
0.0064 mg/ral/min. which decreased gradual ly and became 0.0017 
mg/ml/min. a f t e r 5.15 hours (Table 14) . 
The e n t i r e quant i ty of dye was eliminated from the 
haemolymph i n about 6.45 houre idien Va.e l a r r a e were in jec ted 
wi th 1.0 yul of 0.4?^ Rogor and 4.0 yul of indigo carmine a f te r 
15 hours . After 15 minutee following dye i n j e c t i o n , the con-
c e n t r a t i o n of dye i n the haeraolymph wae 1.225 mg/ml and the 
r a t e of dye e l imina t ion wae 0.0058 mg/ml/mln. whioh decreased 
to 0.0017 Mg/ml/min. a f t e r 4.45 hours and remained the same 
upto 6.45 houra (Table 15) . 
6, Bffeot of d i f f e ren t concentrat ions of Rogor on the r a t e 
of e l iminat ion of 5^ indigo carmine in jec ted a f t e r 30 hours 
of the Rogor i n j e o t i o m 
When the l a r r a e were in jec ted with 1.0 yUl of 0 .05^ 
Rogor and 4 . 0 / i l of 5% indigo carmine a f t e r 30 hours , the 
malpighian tubules el iminated the o i t i r e amount of dye frcm 
Tal3l« t4t Showing th« •ffeot of 0^% Rogor injTOtion on th« 
exorttory effioionoy of the malplghlaa tubulMt of 3th 
i m t a r larva© of Si3Qdqt)ter^ l i t u r a (5% indigo canain* 
i i y e c t e d a f t « r \3 hou i s ) , 
Time a f t a r 
dye i a j e e -
t i o n . 













O.I^CMean) of *t* 
~ (Ca lcu -
l a t ed ) 
0 . 2 9 5 \ 
+0.001 ^ \ 
^ 3 , 0 2 7 * 
0.284^^ 
4-0.001 ^ \ 






^ 5 . 1 6 2 * 
0.257C^' 
+ 0 . 0 0 0 T \ 
^ 2 . 9 5 8 * 
0 . 2 5 0 ^ 
+0 .0009^ \ 
^ 2 . 4 4 
0.244C^ 
+0.001 \ ^ 
^ 2 . 5 
0.239C 
+ 0 . 0 0 0 5 \ 
J > 2 . 8 8 S * 
0.234:;" 
+o.ooot\ 
> 2 . 2 3 6 0.230;:" 
+ 0 . 0 0 0 t \ 
> 2 . 2 3 6 0 .226"^ 
^ • 0 . 0 0 1 \ ^ 




c e n t r a t i o n 



























Rate of dye 
el i ia inat ion 












Value of *t* hetween euooeeeive O.D. means. 
Tabulated value of ' t* at 4 degree of freedom and 
595 level of eigniflcant » 2.776. 
•fcJignificant at 5% leve l . 
Table 15* Showing the e f fec t of 0.4?^ Rogor i n j e c t i o n on the 
excretory e f f ic iency of t h e Kalpighlan tubules of 5th 
i n s t a r l a rvae of MDOdoptera l i t u r e {3% indigo oarciine 
Time a f t e r 
dye i n j e c -
t i o n . 
15 M n , 













In jec ted a f t e r 15 hours.) 
Haemolymph Value 
O.D.(Kean) o f ' t ' 
- ^ • ^ ' (Ca lcu-
l a t ed ) 
0 .293 . 
+0 .0CX)9\ 
J>3.535* 
+ 0 . 0 0 0 7 ^ \ 
. > 3 . 3 5 4 * 0 . 2 7 4 ^ 
+0.000^"-^ 
J>3.162* 0.266:; 
+ 0 . 0 0 0 9 ^ \ 
^ ^ 2 . 9 5 8 * 





> 2 . 2 3 6 
0 .248r 
+0.001 \ 
> 2 . 2 3 6 
0 .243c r 
+0.0007^, 
^ > 2 . 5 8 1 
0.239C 
+ 0 . 0 0 0 5 ^ \ 






J>1.936 0 . 2 2 9 r ^ 
+ 0 . 0 0 1 ^ \ 
^ > 1 . 9 3 6 
0.226:f 
+0.001 \ . J>1.936 0.223 
+0.0007 
I^e con-
cen t r a t i on 

































Rate of dye 
















Value of * t ' between succesBive O.D. means. 
Tabulated Talue of *t* a t 4 degree of freedom aiid 
5% l e v e l of s i g n i f i c a n t « 2.776. 
•S ign i f i can t a t 5?^  l e v e l . 
1 I I 
the haraiiolymph wi th in 2.30 hourB. After 15 micutee following 
t h e dye In jec t ion , t h e ooncent i^t ion of the dye In t he haeno-
lymph wae 1*2425 mg/ml and the r a t e of dye e l iminat ion was 
0*0105 mg/ml/min* which gradually decreased and became 0.0058 
mg/ml/min. a f t e r 2.15 hours (Table 1 6 ) . 
The t o t a l quan t i ty of the dye was eliminated from the 
haemolymph within 4.00 hours when the l a rvae were i n j ec t ed 
wi th 1.0 yul of 0 , 1 ^ Rogor and 4.0 yul of 59^  indigo oamine 
a f t e r 30 hours . After 15 minutes following the dye in jec t ion , 
t he concentrat ion of t h e dye i n t he haemolymph was 1.2425 
mg/ml and the r a t e of dye e l iminat ion was 0.0081 mg/ml/min. 
which gradually decreased and became 0.0023 mg/ml/min. a f t e r 
3.45 hours (Table 1 7 ) . 
The l a r r a e i n j ec t ed with 1.0 yul of 0.1 5?^  Rogor and 
4.0 yul of 5^ indigo caarmine a f t e r 30 hours showed e l iminat ion 
of t he e n t i r e dye i n about 4.30 hours . After 15 minutes 
fol lowing the dye i n j e c t i o n , the concentra t ion of t h e dye 
i n t h e ha«Bolymph was 1.26 mg/ml and the r a t e of dye e l imi -
na t ion was 0.0075 mg/ml/min. which a f t e r 4.15 hours decreased 
to 0.0023 mg/ml/ain» (Table 18) . 
The larvae in j ec t ed with 1 . 0 ^ 1 of 0.2?^ B.ogor and 
4.0 yul of 5^ indigo carmine a f t e r 30 hours , had 1.2425 rag/ml 
^ • 1 
Tabl« 16i Shoving the «ff«et of 0«059( Eogor Injaotion on th« 
•zorotozy eff lo lenoy of the raaXpi^ian tubulms of 5^ 
Inatar larrae of S-po<iox>t»ra l l t u r a (99^ indigo oarmina 
i n j eoted af tar ^ hours) • 
Tina after Haaaolymph Value Cye oon- Dye e l i - Rate of dye 
dye i n j e o - O.D.(Mea]i) o f *t* oentratioa ainated elimination 
tion* > B.E, ,„ . i n the (mg/nl) per minute 
CCalcu- haenolymph (mg/ml/min.) 
lated) (Mg/ml) 
15 Min. 0.294 1.2425 
±0.001 \ ^ 
^^3 .873* 0.3150 0.0105 
45 Min. 0.27«^ 0.9275 
±0.001 
4 . 1 2 3 * 0.2975 0.0099 
1.15 Hr. 0.259^ 0.6300 
±0.0001 
4.472 * 0.2800 0.0093 
1.45 Hr. 0.243^ 0.3500 
+O.OO0K 
4.330 « 0.2625 0.0087 
2.15 Hr. 0 .228; 0.0875 
O^.OOOT 
2.5 0.0875 0.0058 
2.30 Hr. 0.223 0.0 
4:0.0007 
Value of *t* between auooeealve C D . means. 
Tabulated value o f *t* at 4 degree of freedom and 
5^ l eve l of Bignifleant « 2.776. 
•Signif icant at 5^ l e v e l . 
Tabl0 17t Showing th« ef f«ct o f 0.1% Eogor inj«ot lon on th« 
•xorttoxy «ffloi«iioy of the maXplghiaa tubulea of 3th 
injected after 30 hours). 
Tine af ter 
dye i n j e e * 
















•fO.001 \ . 






^ > 3 . 3 1 7 * 
0.256:: 
•0.001 \ 
^ 3 . 1 6 2 * 
0.246C 
+ 0 . 0 0 0 9 \ 
> 3 . 1 6 2 • 
0.238^ 
+ 0 . 0 0 0 7 \ 
^ > 2 . 9 5 8 • 
0 . 2 3 1 ^ 
+0.0009^^ 










































Value Of *t* between suooeesive O.D. means. 
Tabulated value of »t» at 4 degree of freedom and 
3^ l eve l of e ignif ioant « 2.776. 
•Signif icant at 5% l e v e l . 
Tablt I8t Showing th« «ff«Gt of 0.15?^ Rogor injec t ion on th« 
•xoretory e f f ic iency of the malpi^ian tubulee of 3tli 
ins tar larrae of Spodoptera l i t u r a {5% indigo carmine 
injected after 30 hours). 
Time a f t er Haemolymph Value Dye con- Dye e l i - Rate of dye 
dye i n j e c - O.D.(Mean} of *t* oentration minated elimination 
t i o n . ± S.E. (Oalou- ^° '^ ^^  (mg/ml) per minute 
*" lated^ haoBolymph (mg/ml/min.) 
(mg/ml) 
15 M in . 
45 Min . 
1.15 Hr. 
1.45 Hr. 
2,15 Hr . 
2.45 Hr. 
3.15 Hr . 








> 3 . 8 7 3 « 
0.270C^ 
-»-0.0009\^ 
^ 3 . 1 6 2 * 
o.26or^ 
• • • 0 . 0 0 1 ^ . 
> 3 . 0 • 
0.25lC^ 
+0.0007" 
> 3 . 1 6 2 * 
0.243C 
•0.000 " P ^ 
>>2.958* 
0 .236^ 
• • 0 .0007 \ ^ 
>2 .739 
0 . 2 3 0 ^ 
-i-0.000t"\ 


































Value of *t' between success - ive O.D. means. 
Tabulated value of 't* at 4 degree of freedom and 
5?i l e v e l of s ign i f i cant « 2.776. 
•Signif icant at 3% l e v e l . 
dye concentration In the haemolymph and the rate of dye 
el imination was 0*007 Bg/ml/min. after 15 mimxtes following 
the dye inject ion which deoreased to 0.0017 mg/ial/min. after 
4*15 hours and remained the same upto 5*13 hours* Total 
amount of dye was eliminated within 3*15 hours (Table 19)* 
The entire quantity of ^e was eliminated from the 
haemolymph of the larvae i n about 6*45 hours following the 
i n j e c t i o n of 1,0 yul of 0.3?1 Eogor and 4.0 yul of 5>* indigo-
carmine after 30 hours • After 15 mimxtes following the dye 
i n j e c t i o n , the concentration of the dye in the haemolymph 
was 1 •2775 mg/ml and the rate of dye elimination was 0*0058 
Bg/ml/fflln. which decreased to 0*0017 mg/ml/min. af ter 5*45 
hours and remained the same upto 6*43 hours (Table 20) . 
Table 19) Showing th« e f fec t o f 0,2^ Rogor inject ion on the 
excretory e f f ic iency of the maXpi^aXwa. tuhulee of 5th 
inatar larvae of Spoaoptera Xitura (5^ indigo carmine 
i 
Tine a f t e r 
dye i n j e c * 
t ion* 





2 .45 Hr. 
3.15 Hr. 
5.45 Hr. 
4 .15 Hr. 
4 .45 Hr. 
5.15 Hr. 
Injected a f t e r 30 hours) . 
HaesQiolyBiph Value 
O.D.(Mean) o f *V 
+ S .S . ( C a l c u -
ted) 
0 . 2 9 4 ^ 
+0,001 \ ^ 
^ 3 . 4 6 4 * 
0 . 2 8 2 ^ 
• 0 . 0 0 0 ^ \ 
>3 .708« 
0.271c; 
- • 0 . 0 0 0 7 \ 
> 3 . 5 5 5 * 
0 .261^" 
+0.0007 . 
^ 3 . 0 • 
0.252<' 
+0.001 ^ \ 
> 2 . 5 8 1 
0.244C 
+0.001 \ 
> 2 . 4 4 9 
0.238:C 
+ 0 . 0 0 0 7 \ 
^ > 2 . 2 3 6 
0.233C 
+0.001 \ . 
> 2 . 0 
0.229C 
+0.001 \ . 







c e n t r a t i o n 



























Rate o f dye 













Value of 't* between euooeesive O.D. means. 
Tabulated Talue of ' t ' at 4 degree of freedom and 
5% l eve l of s igni f icant « 2.776. 
•Signif icant at 59» l e v e l . 
Table 20: Shoidng the e f fec t of 0,5?^ Rogor In jec t ion on the 
excre tory ef f ic iency of the raalpi^ian tubules of 5th 
i n s t a r l a rvae of apodoptera l i t u r a (5?^ indigo carmine 
Time a f t e r 
















in j ec ted a f t e r 350 hours) • 
HacHnolymph Value 
. (O.D.(Mean) of ' t * 
1 ^ • ^ ' (Calcu-
l a t ed ) 
0 . 2 9 6 \ 
+ 0 . 0 0 0 9 \ 








+ 0 . 0 0 7 \ . 
^>2.95a* 
0.262C 
^:0.0009 ^ 2 . 4 4 9 
0.256:f" 













0 . 2 3 3 r ' 
+0.001 \ 
> 2 . 0 
0.229-^^ 
+0,001^-^ 
> 1 . 9 3 7 
0.226--^ 
+0.001 ^ \ 




cen t ra t ion 

































Rate of dye 
















Value of ' t* between success ive O.D. means. 
Tabulated value of ' t ' a t 4 degree of freedcaa and 
59^  l e v e l of e i gn i f l oan t * 2.776. 
•LJignificant a t 5S^  l e v e l . 
Pig. 1 Graph showing the rate of dye elimination (mg/ml/min.) 
in relation with dye concentration in the haemolymrsh 
(mg/ml) in the 5th inatar larvae of g» litura. 
(a) When 2*3^ indigo carmine was injected in the 
haemolymph. 
(B) When 55^  indigo carmine was injected in the 
haemolymph. 

































































( u«.>"/luj/6u,)»,nu!Ui j j d uoueuiui.,, ,Ap jo , , e a 
Fig. 2 Histogramrae Bhoving the reXationship between 
different ooncentratione of indigo carmine 
injected in the haemolymph and time taKen for 
i t s complete elimination (quantity of each TOO-
centration being 4.0 jaX) i n the 5th in s t a r larvae 




- ' 2 
e 
2.5 5.0 7.5 
Concentration of Indigo carmine solution Injected 
F i g . 2 
Fig. 3 HiBtogramm© ehoving the relet lonshlp between time 
taken for complete elimination of 4.0 jul 3% 
indigo caraine from the haemolymph in the 5th 
in s t a r larvae of £ . l i tuya injected with different 
concent r a t i ore of Rogor. 
Dye injected after 3 minutes of the injection of 
different concentrations of R o ^ r . 
Dye Injected after 15 hours of the injection of 
different concentrations of Rogor. 









0.05 0.1 0.15 0.2 0.3 
Concentrat ion of Rogor injected 
0.4 
Fig. 3 
Fig . 4 Graph ehowlng the r a t e of dye e l imina t ion 
(mg/ml/min) i n r e l a t i o n with dye conoentration 
i n the haemolymph (mg/ml) i n t h e 5th i n s t a r l anrae 
o^ i.» l i t u T a following the i n j e c t i o n of d i f ferent 
concent ra t ions of Eogor* 
( A ) 5% indigo carmine in jec ted a f t e r 5 minutes follow-
i n g t h a t of d i f f e r en t concentrat ions of Rogor. 
(B) 5% indigo carmine i n j ec t ed a f te r 15 hours follow-
ing t h a t of d i f f e r en t concentra t ions of Kogor. 
(C) 3% indigo carmine i n j ec t ed a f t e r 30 hours follow-
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FIG. A 
V. DISCUSSION 
In the 5th i n s t a r l a rvae of bpodopter^ l l t u r a following 
the i n j e c t i o n of any of the se lec ted cx)ncentratione of i nd igo -
carmine (2.59' . 3% and 7»5?^) in to the haeroocoel i t was observed 
tha t the dye was t o t a l l y el iminated from the haeisolymph by 
the malpi, '^ian tubules and the in jec ted dye was not absorbed 
by any o ther t i s s u e of the body. Cuenot (1896) , Ketalnikov 
(1908), Von CJorka (1914), Wigglesworth (1931) , H y^Bsane and 
Luhmann (1953) . Lison (1937a) and Salni (1977) also reported 
i n d i f f e r e n t species of i n s e c t s t h a t the in jec ted ind igo-
carraine was not absorbed by any t i s s u e of the body except t h e i r 
•nalpighian tubules ^ i c h t o t a l l y eliminated i t from the haemo-
lymph. Fur the r i n ^, l l t u r a i t was also seen tha t the dye 
was el iminated by the free po r t ion of the malpighlan tubules 
only and the cryptoneplriridial complex had no s ign of dye ab-
s o r p t i o n . S imi lar ly Metalnikov (1908) i n q a l l e r l a . Von 
Gorka (1914) i n Neprophorup and Qnapter. Heyman and Luhmann 
(19 33) i n aa l e ruceU viburni and Saini ( 1977) i n genebrlo. 
Pergieetei^. I i e r i s and Ga l l e r l a also reported tha t the per inephr ic 
membrfine was inipermeable to indigo cannine. However, J o i l 
( 1935) observed that though the injected indi^jo caimine was 
el iminated by the free p o r t i o n of the Hialpi.#iian tubules i n 
Tenebrio mo l i t o r . yet i t s per inephr ic membrane waa h i ^ l y 
permeable to the dye. Further i t was observed tha t the m&l-
pighian tubules of i^, l i t u r a were more e f f i c i e n t with regard 
to the ellsi inatlon of the indigo canolne ae compared to those 
o^ Qallerla (Metalnikov, 190d)j and P l e r i s . Dermestes and 
Tenebrlo (Sa in i , 1977). In the larvae of ^ . l l t i i ra dye e l i -
mination ocwunenced in about t5 minutes follovdng i t s inject ion 
iMhereas thie process occurred after 20 to 5) minutes in 
i^alleria and af ter 15 to 30 minutes in other epeciee. 
The data on ^ . l i t u r a also showed tha t the ra te of 
elimination of indigo carmine by the malp i^ ian tubules depend-
ed upon i t s concentration in the haanolymph. At stronger 
concentration of the dye i n the hafflaolymph, i n i t i a l l y the 
rote of dye elimination was also quicker but th is rate gradually 
decreased with the fa l l of the concentration of ttie dye in 
the haemolymph (Fig. 1) . When 2.5^. 5% and 7.5?^ indigo carmine 
solutions were injected, the t o t a l time for i t s elimination 
was 1.15 hours, 2.15 hours and 3.15 hours respectively (F ig .2 ) . 
From these data i t was clear that when the concentration of 
the injected dye was doubled or t r ip led , the t o t a l time for 
complete elimination of the dye did not proportionately en-
hance. I t can also be concluded that when stronger concentra-
t ion of indigo carmine was injected in the haemolymph i t had 
more dye cncentration and t h i s might be the reason for quicker 
removal of the dye from the haemolymph in the beginning. But 
as the dye concentration in the haemolymph decreased, the ra te 
of i t s elimination also slowed down. I t may be interpreted 
t ha t the c e l l s of t h e malpigjiian tubulee undergo physiological 
s t r a i n when the haemolymph i s highly char.: ed with foreign 
p a r t i c l e s . I a t t on , Gard-ner end Anderson (1959) i n I e r i t ) l ane ta 
araericfuii^ a l so observed t h a t the r a t e of dye e l iminat ion by 
the malpighian tubulee decreased with the decrease in dye 
concentra t ion i n the haanolympb* Simi lar ly i n both sexes 
o^ DyedercuB oimoilatue the r a t e of dye e l imina t ion depended 
upon I t s concent ra t ion i n the haeanolymph (Singh, 1980). In 
t h i s spec ies i t wae a l so repor ted t h a t even the low concen-
t r a t i o n s of indigo carmine su«jh as 0.3%, \fu 2%, 2,3% t>i^ 
and 3.5% were completely el iminated i n about 9» 13, 19» 23» 
27 and 31 hours respec t ive ly i n the females while i n 11, 17, 
25, 29, 33 and 47 hours i n the males. Thus i n case of £ . 
olmaAlatuB. t he excretory e f f ic iency of t he malpif^hian tubulee 
of the females was s t ronger than t h a t of t h e males, AS compared 
to £* c ingula tuB. the excretory eff iciency of the 5th ins t a r 
l a rvae of | i . l i t u r a was h ighly powerful because when these 
larvae were in jec ted with 2.5^f 3i> and 7.5?^ indigo carmine 
s o l u t i o n s , the dye was completely el iminated i n 1.15 hours, 
2.15 hours and 3*15 hours r e spec t i ve ly . 
The eatcretory ef f ic iency of the malp i ,^ ian tubulee of 
the 5th i n e t a r la rvae of £ . l i t u r a was s tud ied by In j ec t ing 
1 . 0 / a of esch of 0,05?^, 0.1:?S, 0.15f*. 0.2?i, 0.3?^ and 0.4^ 
Rotjor t o i nd iv idua l l a r v a e before 5 minutes of the i n j e c t i o n 
of 3i» indigo-carmine. There was no ef fec t 
of 0,05% Rogor and the r a t e of dye e l iminat ion was 
s i m i l a r to t h a t of nonBal l a r v a e . However, the la rvae i n j e c t -
ed with 0.1!?^ Kogor eliovred the same r a t e of dye el imination 
ur to 1.45 hours as the con t ro l l a rvae but l a t e r the r a t e 
randomly decreased t o 0,007 mg/ml/mln and a f t e r 2.15 hours 
i t was 0.0058 mg/ml/min. The in j ec t ion of 0.159^ Kogor affected 
the r a t e of dye e l imina t ion a f t e r 1,15 hours jmd the r a t e dec-
reased to 0.0081 mg/ml/min. In case of 0.2?^ Rogor in jec ted 
l a rvae the ef fec t on the r a t e of dye e l imina t ion was observed 
a f t e r 45 minutes of dye i n j e c t i o n whan the r a t e decreased to 
0.0093 mg/ml/min. The l a rvae in jected with O.Sjt and 0.4?^ 
Eogor r e spec t i ve ly showed 0.0099 mg/ml/min. and 0.0093 mg/ml/ 
min, dye e l imina t ion r a t e a f t e r 15 minutes of dye i n j e c t i o n . 
These changes a f t e r 2.15 hours following dye i n j e c t i o n were 
i n s i g n i f i c a n t i n 0.05i^ » ( t « 0 . 0 , P > 0.05) and O.V^ ( t « 2 .5 , 
P >• 0.05/^) HOf^ or i n j ec t ed l a rvae as oonipared t o control while 
i n 0.15!*^ » ( t » 3.708, r < 0 . 0 5 ) , 0.2% ( t » 4 .031 , i < 0 . 0 5 ) , 0.35^ 
( t « 4.873, I<^0.05) and 0.4?4 ( t » 5.477, P < 0 . 0 5 ) Kogor in jec t -
ed la rvae were s t a t i s t i c a l l y s ign i f loan t when tes ted against 
control (Table 21) . 
The excretory e f f ic iency of tiie malpi^^iian tubules of 
5 th ins t a r l a r ave of £.. lA tu ra was also s tudied by i n j e c t i n g 
5?^  indigo carmine a f t e r 15 hours following the in jec t ion of 
0.059^* 0.1f>, 0.15?5, 0 .2^ , 0,3?£ and 0,4f« Bogor t o each l a r r a . 
The I n j e c t i o n of 0,055^ Rogor reduced the r a t e of dye el imina-
t i o n to 0.0105 mg/ml/min. a f t e r 15 minutee of dye i n j e c t i o n , 
however, 0 . 1 ' / , 0.15?»t 0.2?*, 0,3?^ and 0.4^ Rogor were more 
e f fec t ive to decrease the r a t e of dye e l imina t ion which was 
0.0087 m^yml/min, 0.0081 mg/ml/min, 0.0075 mg/ml/min, 0.0064 
mg/ml/min and 0,0058 mg/ml/min. reepec t ive ly a f t e r 15 minutes 
of dye i n j e c t i o n . The observat ions a f t e r 2.15 hours following 
dye i n j e c t i o n were s t a t i s t i c a l l y s i gn i f i c an t i n 0.05^» Ct»5»3l6, 
r < 0 . 0 5 ) , O.ni (t*.4.873, P < 0 . 0 5 ) . 0.15?^ ( t - 5 . 2 4 4 , P < 0 . 0 5 ) , 
0.2?S ( t « 5.385, P < 0 . 0 5 ) t 0.3f« ( t « 6.519. P < 0 , 0 5 ) and 0.4?^ 
( t«6 .706 , P4^0.05) iiogor i n j ec t ed la rvae as compared to 
control ( Table 21) . 
When the la rvae were i n j ec t ed with 0.05'?^ Kogor and a f t e r 
30 hours 59^  indigo carmine was in jec ted then the r a t e of dye 
e l imina t ion was 0,0105 mg/ml/min. a f t e r 15 minutes of dye i n -
j e c t i o n . But the i n j ec t ion of h igher concentrat ions of Kogor 
such as 0.1:/», 0.15%, 0,2?i and 0.3?» i n the l a rvae before 30 
hours of the i n j e c t i o n of 5/* indigo carmine fu r the r decreased 
the excretory efficiency of the malpighlan tubtaee to the l e v e l 
of 0.00S1 mg/ml/min, 0.0075 rag/ml/min, 0.0070 mg/ml/niin and 
0.0058 mg/ml/min, a f t e r 15 minutes of dye i n j e c t i o n . In t h i s 
case the cliatnges a f t e r 2.15 hours following dye in j ec t ion were 
i n s i g n i f i c a n t i n 0.05'/« ( t « 2 , 5 , P > 0.05) Kogor in jec ted la rvae 
ee oompared to control while I n 0.1?S ( t»5.361, P^0.05)» 0,15^ 
( t»5 .9 l6 , 1 < 0 . 0 5 ) . 0,25iS ( t«5.385. P<0.05) and 0*5^ (t»6.962, 
?^0.05) were e t a t i s t i c a l l y h i ^ l y signif icant \<hen tested 
against control (Table 21), Thus from these data i t can be 
concluded tha t each concentration of Kogor (except 0.03^) was 
highly effective on the r a t e of dye eliadnation after 30 hours 
of the i r in jec t ion . 
As the Eogor reduced the excretoi^ efficiency of the 
malpi^ ian tubiiles, the t o t a l time taken for complete elimina-
tion of injected indigo oannine was increased. However, the 
larvae injected with 0.055* Roger before 5 minutes of the i n -
jection of 5>* indigo carmine eliminated t o t a l dye in the same 
time as the control larvae (2.15 hours) because there was no 
effect of the injection of t h i s concentration of Roger on the 
r a t e of dye elimination but the to ta l time for the dye elimi-
nation increased to 2.45 hours when the larvae were injected 
with the same concentration of Eogor (0.05Si) before 15 hours 
of the inject ion of 3% indigo carmine. Further the t o t a l time 
of dye elimination decreased to 2.30 hours wtien the ItiTvae 
were injected with the eeune concentration of Roger (0.05J^) 
before 30 hours of the inject ion of 5^ indigo camine. Thus 
decrease i n the t o t a l time for dye elimination may be due to 
the fact that tiie larvae may recover to some extent from the 
effect of the insect icide (0.05% Roger). However, such a 
recovery was not observed when the l a rvae were in jec ted with 
higher concentra t ions of Rogor (0 .1 Ji, 0.15%» 0.2^, 0.5?^ and 
0,4%), When the la rvae were in jec ted with 0.1 ?{ Koi^or and 
again with 5% indigo carmine a f t e r 5 minutes , 15 hours and 
"30 hours, the time taken for complete e l imina t ion of ' ^ e dye 
was 2.30 hours , 3.30 hours and 4.00 hours r e spec t ive ly while 
i n the l a rvae in jec ted with 0.15!^ Rogor and again the dye i n -
j e c t ed a f t e r the r e spec t ive i n t e r v a l e , complete el iai inat ion 
of the dye was delayed to 3.00 hours , 4.00 hours and 4.30 hours 
r e s p e c t i v e l y . These per iods were r e spec t ive ly increased to 
3.30, 4.45 and 5.15 hours i n the la rvae i n j ec t ed with 0.2% 
Rogor. i i imilar ly there was f i i r ther enhancement i n the time 
for complete e l iminat ion of the dye i n 0.39^ Rogor in jec ted 
larvae and i t was r e spec t ive ly 4.45» 5.45 and 6.45 houre. The 
time for t h e complete e l imina t ion of the dye was the hitjhest 
i . e . 5.15 and 6.45 hours vhen the la rvae were in jec ted with 
0.4?» Rogor and again with 55^  indigo carmine a f t e r 5 minutes 
and 15 hours r e s p e c t i v e l y . With respect to t he i n j ec t ion of 
0.1 ?i, 0,15?5, 0,2fo, 0.3f' and 0 .4^ Roisor, the in jec ted la rvae 
took minimum time for the complete e l iminat ion of the dye when 
i t was i n j ec t ed a f t e r 5 minutes Jtollowing t h a t of each i n s e c t i -
cide concen t ra t ion . But t h i s time s i g n i f i c a n t l y increased 
when dye e l imina t ion was 6?tudied a f t e r 15 and 30 hours of the 
i n s e c t i c i d e i n j e c t i o n . I t i s also c lea r t h a t the larvae in jec ted 
with higher eonceatratlone of Hog or (0«2^, 0.55* and 0,4^) 
took more time to eliminate to ta l amount of dye than the 
larvae Injected with lower concentrations of Rogor (0.05?^» 
0.1f» and 0.15^) (Fig .3) . Th±B su^es ted that the increase in 
time for the complete elimination of the injected dye was due 
to the reduction in the excretory efficiency of the malpighian 
tubules which raay be accounted as pathological or toxicological 
effect of Rogor, leading to the physiological retardation in 
the ac t iv i ty of the malrigjaian tubules of ^ . l l tura* 
l a t t o n , Oard-ner and Anderson (1959) also observed 
that af ter 24 hours of the inject ion of ethylene ^yool t 
dinitro orthocyclohexaphenol, heptachlor, d le ldr in , ieodrln 
and endrin, the ra te of dye elimination was decreased in 
I.* americana while acetone, sodium arsenate, nicotine, 1 .1 .T . , 
parathion, chlordane and aldrin were not effect ive. They in -
jected 2,5?^ indigp carmine af ter 24 hours of the injection of 
these chemicals and so 24 hours were allowed to the toxioants 
to exert the i r effect upon the organ function before the dye 
elimination t e s t . But in the present work on ^ , l l t u r a different 
intervals of time between the inject ion of Roger and the 
indigo carmine were taken to assess the optimal concentration 
of Roger and time following injection which may be harmful to 
the excretory efficiency of the malpi^j^an tubule© of ^ . 11 tura 
The present data indicated that 0»3% and 0.4^ Rogor adversely 
affected the function of the malpi^ilan tubules and after 30 
hours of the injeotlon of these oonoentrations maximum effects 
occurred. Whereas, inject ion of O.t?^, 0,15^ and 0.2?i» kogor 
took 1.43 hours, 1*15 hours and 43 minutes respectively to 
affect the function of the malpi#ilan tubules . However, the 
Injection of these ocmcentrations of Eogor also caused enhanced 
effect on the malpi#ilan tubules after 50 hours of their injec-
tion excerpt that of 0.05% in which recovery in the ra te of 
dye elimination was observed to the some extent , iiingh (1980) 
also observed tha t the in jec t ion of 0.005?^, 0.01?4, 0.02?i and 
0.045^ Kogor decreased the r a t e of dye elimination i n both 
sexes of D. ciniOtlatuB and thus the excretory function of the 
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V I . SUMMARY 
mmmmmmmmMmmmmmmmmmmmmnmt 
1. In 5th i n a t a r la rvae of Spodoptera l i t u r a Fabr, ( l ioctuidae, 
Lepidoptera) t the r a t e of ellaiiziation of indigo carmine 
through the malpighian tubulea was observed by the i n j e c -
t ion of 4.0yul of d i f f e ren t concentrat ions of ind igo-
carmine ( 2 . 5 ^ , 5?* and 7«5^) i^i the haemolymph. 
2 . I t vae observed t h a t t he in j ec ted indigo caxTsine i s e l i -
minated by the m a l p i ^ i a n tubules and not absorbed by 
any o ther t i s sue of t h e body. 
3 . In the beginning following the in j ec t ion of indigo carmine 
i n the haemolyroph, the r a t e of dye e l imina t ion was high 
but l a t e r on i t gradually decreased. Thus i n the presence 
of h igher concentra t ion of indigo carmine i n the haemolymph 
malpighian tubules were more e f f i c i e n t to el iminate the 
dye than t h a t of the weaker concent ra t ion . 
4 . Total t ime for complete e l iminat ion of 4.0 jul of 2,5/*» 5% 
and 7.5?^ indigo carmine from the haemolymph was 1.15, 2.15 
and 3.15 hours r e s p e c t i v e l y . 
5 . The e f fec t of i n j ec t i on o f 1.0 yol of acetone i n the haemo-
lymph was observed on the excretory ef f ic iency of the 
malpigliian t u b u l e s . Following the i n j e c t i o n of acetone 
r 
4*0yul of 5% I n ^ ^ oaxmlne was In jec ted a f t e r 5 mlnutee, 
15 hours and 30 hours i n t h r e e s e t s of experiments. I t 
was found t l i a t the presence of aoetone i n the haemolymph 
did not a f fec t the r a t e of dye e l iminat ion even a f t e r 
30 hours a f t e r the i n j e c t i o n of acetone, 
6 , S imi l a r ly , the e f fec t of i n j e c t i o n of 1,0yul of d i f fe ren t 
comen t ra t ions (0.059^t 0,1%, 0 . 1 5 ^ 0,2?*, 0.3% and 0.4% 
i n acetone) of a organophoephate compoiind namely 0,-(J-
dimethyl S-(H-iaethyl oarbomoyl methyl) Phosphorodlthioate 
pa ten t ly c a l l e d Rogor was a l so observed on the r a t e of 
e l imina t ion of 4.0 ^ 1 of 5% indigo carmine Injected i n 
the haemolymph. 
7 . In the l a r v a e in jec ted with 1.0yul of 0.05% Rogor and then 
4.0 yul of 5% indigo carmine a f t e r 5 minutes did not show 
any e f fec t w-hile h igher oonooatrations of Rogor (0 .1%, 
0.15% and 0.2%) took 1.45 hour, 1.15 hour and 45 minutes 
to a f fec t the r a t e of dye e l iminat ion and the time for 
complete e l iminat ion of the dye was 2 .30, 3.00 and 3.30 
hours r e s p e c t i v e l y . On t h e other hand 0.3% and 0,4% Rogor 
quickly affected the r a t e of dye e l imina t ion and the time 
for complete e l l ia lnat ion of the dye increased to 4.45 hours 
and 5.15 hours resp eotlv e l y . 
r: 
8 . When the la r rae were Injected with Indigo oaxinine after 
15 hours following tha t of each concentration of Rogor the 
effect of the ineectioide was immediately evident on dec-
reasing the r a t e of dye elimination. This showed that 
during 15 hours after the injection of the insect icide 
the malpighian tubules were rendered to inefjCLoiency be-
cause the time for complete elimination of the injected 
dye was significantly enhanced as compared to that of 
shortest Interval (5 minutes) af ter which dye was in.lceted. 
9 . Comparatively, 50 hours af ter the in ject ion of Rogor con-
centrat ions, the r a t e of dye elimination was more adversely 
affected ^ d complete elimination of dye was increased to 
4.00, 4.30, 5.t5 and 6.45 hours in 0.1%, 0.15^, 0.29^ and 
0.3f» Rogor injected larvae respectively except 0.05?^ Rogor 
which af ter this dxiration showed recovery in this function 
of the malpiishian tubules . 
Following the inject ion of 0.4^ Rogor, there was 75 to 
aO^ mortal i ty in the larvae after 30 hours, therefore, the 
efficiency of dye elimination by the malpighian tubules could 
not be s tudied. 
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ADpendlx Tabic 1. Showing the cxoretory eff loienoy of the malplghian 
tubules of 5th inetar larvae of g, l i t u r a . following the 
i n j e o t i o n o f 
Time a f t e r 
dye i n j e c -




4 .0 fax o f 2 . 5^» 5^ and 7.5% indigo carmine. 
Concentration o f i n d i « o carmine i n j e c t e d 
2 . 5 ^ 
P ercent 
Traxismi-








vi . D . 







3 .D . 

































































































































^ppfft<^lr^ ^§^l-y 1 
Time a f t « r 
dy« i n j e c -
t i o n 
1.45 Hr. 
2 , 1 5 Hr. 
2 .45 Hr. 
3 . 15 Hr. 











S . S . 
Mean O.D. 
S .D. 







































































































Appgndix lab l^ ^, Showing th« effect of 0.05?^, 0.1 ji and 0.15?^ Rogor 
Injeotion on the excretory efficiency of the malpighian 
tubules of 5th ina ta r lar rae of S> l l t u r a (,5% indigo-
carmine i n j e c t e d a f t e r 3 minutee) . 
Time a f t e r 
dye i n j e c -

































I © a n •: 


























































































































hvv^nU^ ^abx» .^ 
Tim« a f t e r 
dye l n j 0 o -
t ion« 
1*45 Hr. 




















Mean 0 . 
S .D. 
S .E . 
Kea n 0 
S .D. 
0 * 6 . 











































































































MBt»^^ ^^H« 2. 
Time a f t t r 
dye i n j e c -
t i o n . 
2 .45 Hr. 
3.00 Hr. 




a s i o n 
o f haemo 
lymph* 
Mean O.D. 
S « £ t 
Mean O.D. 



















































AT>T)»adlx l?aTaX« 3 . Shoving the •ff«ot of 0 .2^, 0.3^ and 0,494 Rogor 
laJ|«otlon on the exorttoxy ef f ic iency of the malplghlan 
tubules of 5th inatar larvae of |^. l l t u r a {3% indlgo-
oarmlne injected af ter 5 minutes)• 
Tine after 
dye i n j e o -
t i on . 
,C9|iceixtr^t;^9ft ^f R^^or |.,n;|<yQ e^d 
0.29( 0.3?t 0.4?t 
Percent 
Transmi-
s s i o n o f 
haeisO'* 
lyaph 







S . E . 







u . E . 

































































































































Appendix TalaX» 3 . 
TioEttt a f t e r 
dye lB;|ee<-
t l o n . 
1.45 Hr. 
2 .15 Hr. 
2.45 Hr. 
























































































































































APPf»^44l ^ftHf ? 
Time &t%9T 



















S . l , 




6 0 . 0 
Mean O.D. 
S.D. 






























































































^ppepd^^p Tablf ? 
Time a f t e r 
dye I n j e o * 
t l o n . 
4 J 5 Hr . 
4 .45 Hr. 
5 .15 fir. 
C p n o e n t r a t i o n of Ro«:or in.1©oted 
0 . 2 ^ 
P e r c e n t 
Traas ia i -













, -, r 
0, .3^ 
P e r c e n t Ha^ao-
Transmi- lymph 
































P e r c e n t 
Transmi-














































AiiPsndlx Tftbl» 4. Showing the effect of 0.05?t» 0,\% and 0.15?^ Rogor 
in jec t ion on the excretory effioienoy of the malpighian 
tubules of 5th ine t a r larrae of ^* li , tura (5^ indigo-
carmine i n j 
T ine a f t e r 
dye i n j e c -
t i o n . 
15 Min. 
45 M n . 
1.15 Hr . 
e c t e d ai't( s r 15 hours) • 
C o n c e n t r a t i o n of Rocor i n j e c t e d 
0,05li 
P e r c e n t 
Transiai-









a . D . 















































































0 . 2 8 4 
0,280 











P e r c e n t 
Transmi 


















































Q9^?oqtrfltiff^ qt jRgfwr »^^ 3?9t?<^  
0.05?t 0.1?t 0.15!* 
1.45 Hr. 
2 .15 Hr. 







































t 0 . 0 0 2 
•0 .0009 























































• 0 . 0 0 2 
jtO.0009 
0 .229 











































































4PPffyl4» •^ a^ .^f 4« 
Tl«« a f t « r Co^o«ntr^tion of ROKOP i i iJ«ot«d 
t i o n . "'"^^ 
Percent 
Transai -






O . K . 













































































Appendix Table 5« Showing the e f f ec t of 0»2^, 0 .5^ and 0.4^ Rogor 
Inject ion on the excretory ef f ic iency of the malpi^ian 
tabiilee of 5th inetar larvae of ^ . l i t u r a {5% indigo-
carmine injected after ^3 hours). 
Time after 
dye i n j e c -
t i o n . 
<?g?y?mtrit;>>ffl 9f %fi9y ^pJ«<?^y^ 
0.2J( 0 .3^ 0.456 
Percent Haemo-
Transmi- lymph 
e s i o n of O.D. 
haemolymph 
15 Min. 51 .0 
51 .0 
50 .5 
5 0 . 5 
50 .5 
Fiean 0 .D 
S .D. 
U . ft. 
45 Min. 52 .0 
52 .5 
52 .0 




S . B . 
1.15 Hr. 53 .5 
53 .5 
53 .5 
5 3 . 5 
54 .0 
Mean 0 .1), 




























e s i o n o f O.B. 








































t o . 0 0 0 9 
Percent 
Tranami-













































Time a f t e r 
dye i n j e c -
t i o n * 
1,45 Hr. 
2 . 1 5 Hr . 
2 .45 Hr . 
0 
P e r c e n t 








5 4 . 5 
Mean 0 .D . 
S.D. 
S . E . 
56 .0 








5 7 . 5 
57 .0 




0 • E . 
Concentrs i t ion o f Ro«or i iLleoted 
• .29C 
Ha«aio<-> 
> l y m p h 



























T r a n e o i -
s e i o n oi 
haerao— 
l y n p h . 












































P e r c e n t 
Tranemi-













































4pp»q^i-?^ ^9,^)'^ 5 
Time a f t e r 
dye i n j e c -
t i o n . 
3 .15 Hr, 
3 . 4 5 Hr . 
4 .15 Hr. 
Conoentrat i ,on of RO«Q 
0.25t 
P e r c e n t 
Tranemio 










O • JLJ • 
5 8 . 5 
59 .0 
59 .0 
5 8 . 5 
5 8 . 5 
Mean O.D. 
B.D. 
S . P . 
5 9 . 5 
60 .0 
5 9 . 5 
59 .0 
59 .0 
Mean C O . 
S.D. 




























r i n j e c t e d 
0.39^ 
P e r c e n t 
Tranaoii-














































P e r c e n t 
Transmi* 














































Tlm« a f t e r 
dye i n j e c -
t i o n * 
4 ,45 Hr , 
5 .15 Hr. 
5 .45 Hr, 
» C o n c e n t r a t i o n o f J 
0.2^ 
P e r c e n t 




5 9 . 5 
60 .0 
6 0 . 0 
60 .0 
5 9 . 5 
Mean O.D. 
3 , D . 
S • E. 
Mean O.D. 
S.D. 
S .E . 
Mea» O.D, 
S.D. 










• 0 . 0 0 2 
+0.0007 
Ro«»r i n j e c t e d 
o,y% 
P e r c e n t liaemo-
f ransmio lymph 











































P e r c e n t Haemo-
Transmi- lymph 










































Time a f t e r 
dye i n j e c -
t i o n . 
6*15 Hr, 
6 .45 Hr. 
Concentration o f Ro«or i n j e c t e d 
0.29f 0, 
Percent Ha«no-' Percent 
Tranemi- lymph Tranemi-
















































Appendix Table 6. Shovii« the effect of 0 , 0 5 ^ 0.1?5 and 0.15?i 
Rogor Injection on the excretoiy efficiency of the 
malpigjiian tubules of 5th inetar larvae of ^ . l i t u r a 
(5?^ i n d i g o oaxmine i n j e c t e d a f t e r 30 h o u r s ) . 
Time a f t e r Concen t r a t i on o f Rosor i n j e c t e d 
dye i n j e c - Q ^ Q 5 ^ 
t i o n * 
15 Mln. 
4 5 . K i n . 
1.15 Hr . 
P e r c e n t 
Transffli-







5 0 . 5 
Mean O.D. 
»«> • u • 
S » E » 
5 2 . 5 
53 .0 
53 .0 
5 3 . 5 
53 .0 
Mean O.D, 
! i .D. 






hean 0 . ! ) , 
b . D , 




























0 . ^ % 
P e r c e n t Ha@aio«> 
Tranemi- lymph 






5 0 . 5 
51 .0 
52 .5 


















































































APPg^<M-^  Tftbly 6 
Time a f t e r 
dye i n j e o -
t i o n . 
1.45 H r . 
2 . 1 5 i l r . 
2 .>0 Hr. 
C o n c e n t r a t i o n of ao«or I n j e c i 
0.059i 
P e r c e n t 
Transml-
BSlon of 








i i .D. 
k> » ill 9 
59.0 






b . B . 
59 .5 
5 9 . 5 
60 .0 






























1 0 . 0 0 2 
+0.0007 
0 . 
P e r c e n t 
Transffll-



































P e r c e n t Haemo-
Transml- lymph 





























liPP?Pd^3^ T^bly §, 
Time a f t a r C o n c e n t r a t i o n of Ro«or i n i e o t e d 
dy« I n j e o - 0.0594 t i o n . u.u5?» 
P e r c e n t 
TranBmi-
sBion o f 
haemo-
lymph• 




3 .15 Hr. 
Mean 0*D. 
S.D. 
S .E . 
3 . 4 5 Hr. 
Mean O.D. 
S.I) . 




0 . 1^ 
P e r c e n t Haemo-
Tronsmi- lymph 








































t . 0 0 2 
• 0 . 0 0 0 7 
0 . 
P e r c e n t 
Tranemi-




























• 0 . 0 0 2 







• 0 . 0 0 2 








• 0 . 0 0 0 7 
Appendix Table 6. 
Tine a f t e r Ck>Qo e n t r a t i o n o f RoKor i n j e c t e d 
tlont^^®*"" ^'^51^ 
P e r c e n t 
firansmi-
e e i o n o f 
haeojo— 
lymph. 
4 .00 Hr , 
Kean 0 . D . 
S .D. 
b • r^  • 
4 . 1 5 Hr . 
Meetn 0 . D . 
&.D. 
i> tE* 
4 . 3 0 Hr. 
Mean Q.D. 





P e r c e n t 
T r a n s n i * 
BBlon of 
ha«iio-> 
l y u p h . 

















P e r c e n t 


































Aispgndix Table 7. Showing the e f fec t o f 0.2^ and 0,J^ Rogor 
injeot lon on the excretory effLolency of the malpl^jbilan 
carmine i n j e c t e d a f t e r 30 houre) . 
Time a f t e r 
dye i n j e c -
t i o n . 
15 Kin , 
45 Min. 
1 .15 Kr. 
Concentration of RoKor 
0.29i 
Percent Trane-







Mean C D . 
S .D. 
W . iti . 






























± 0 . 0 0 2 









i n j e c t e d 
0 .3?i 
Percent Trans-











































APPfffidA3^  ^ftb^g 7> 
Time a f t e r 
dye i n j e c -
t i o n . 
1.45 Hr . 
2 .15 Hr . 
^ 
2 .45 Hr. 
C o n c e n t r a t i o n of RoKor i n j e c t e d 
0 , 
P e r c e n t T rane -





5 4 . 5 
5 5 . 0 
Mean O.D. 
S .D. 
S . Bi. 
5 5 . 5 
56 .0 
56 .0 












s . s . 
.2?^ 
Haemolymph 


























P e r c e n t T r a n e -











































Time a f t e r 
dye I n j e c -
t i o n . 
3 . t 5 Hr. 
3 .45 Hr, 
4 . 1 5 Hr, 
C o n o « i t r a t i o n of Eo«or i n j e c t e d 
0, 
P e r c e n t T r a n s -
m i s s i o n of 
haemolymph. 
58 .0 
5 7 . 5 
5 7 . 5 
58 ,0 
53 .0 













5 8 . 5 
59 .0 
































P e r c e n t T r a n s -












































Time a f t e r 
dye i n j e c -
t i o n . 
4 . 4 5 Hr. 
5 . 1 5 i l r . 
5 . 4 5 Hr. 
C o n c e n t r a t i o n o f Ro«o 
0, 
P e r c e n t T r a n s -
m i e e i o n o f 
ha ano lymph. 
5 9 . 5 
5 9 . 5 
59 .0 
60 .0 




6 0 . 0 
60 .0 
60 .0 
























0 . 2 2 3 
i .0 .002 
+0.0007 
r in.1ected 
P e r c e n t Traos 












































• ' ( ? 
4pp<?ndl,,x y^Hfi 1 
Time a f t e r 
dye i n j e c -
t i o n . 
6.15 Hr. 
6.45 Hr. 
Concentration of Ro«or indeoted 
0.2?5 
Percen t Traz^- Haemolyaph 
miee ion of O.D. 
haemolymph. 
Mean O.B. 
O . D . 
Mean C.B. 
S.D. 
O • A • 
Percent Trans -
miseion o f 






























APDgndix Table 6 . !5howing data for a e r i a l d i l u t i o n ciurve. 
Indigo 
carmine 














































































0.233 +0.003 +0.001 
Ap-pendlx Table 8 . 
' 1 
I n d i g o 
o a n a l n e 
s o l u t i o n 
(mg/t t l ) 
P e r c e n t 
T r a n e -
misBion 
O p t i c a l 
Dens i ty 
Mean 
O p t i c a l 
Dens i ty 





5 9 . 5 
59 .0 
59 .0 
5 9 . 5 
5 9 . 5 
5 9 . 5 
5 9 . 5 
5 9 . 5 
6 0 , 0 
60 .0 
5 9 . 5 
60 .0 





















0.224 ^0.002 +0.0009 
